Survey of Bacterial Load of Drinking Water  in  Eastern and Southern Sudan by Ibrahim, Ayman
University of Khartoum 
Faculty of Veterinary Medicine, 
Department of Preventive Medicine and Public Health,  
 
 
 
 
 
 
 
Survey of Bacterial Load of Drinking Water  
in 
Eastern and Southern Sudan 
 
A thesis submitted in partial  fulfillment of the requirements 
of the University of Khartoum for the M. V. Sc. Degree 
 
August , 2006 
 
 
 
 
 
 
 
By: 
   Ayman Ibrahim Al-Beeli 
  (B.V. Sc. 2001 University of Khartoum) 
 
Supervisor: 
  Dr. Tawfig El. Tigani Mohamed 
 I
 
 
 
 
Dedication 
 
To those who  live under critical stringent 
conditions and dire situations in absolutely neglected 
poor areas in Sudan,  needs  to be lend a hand 
urgently, and imperative helping actions to be done 
 
THEN 
 
To my Parents, Dear Friends and Relatives 
 
I dedicate this effort. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 II
Acknowledgment 
I would like to thank my Supervisor Dr. Tawfig El. Tigani for his 
great role in enthusing me always during  the study.  He was not only      
a helpful guiding supervisor; but also a real friend could kindly 
understand difficulties, participating getting solves. Willingly, and 
without any even slightest retardation, he was there whenever valued 
advises needed. My great thanks not enough for thanksgiving. 
I would also like to thank my dear friend Dr. Hosham Serri, for 
encouraging me to begin this study at once. I am glad to extend thanks to 
my great friend Dr. Husameldin Elnasri, for his  glorious supporting 
during my field study trip to Unity State. Then gratitude extending to 
Petronas Oil Company- Community Development Program, for offering 
all logistic and research-supporting materials needed facilities in Unity 
State. Their unlimited  help in providing this study with clinical records 
and diseases cases goes hand in hand with what have been offered by       
Care-Organization’s Unity State Office, great thanks extended for both. 
I would like to thank Dr. Atif Elamin, for his considered help in 
data analysis. Also my great thanks extends to  Mr. Adil Mahjoub for his 
highly appreciated technical help in the laboratory work. 
 Last but not the least, I would like to thank the technicians, 
laboratory assistants, labors, and employees in The Department of 
Preventive Medicine and Public Health, for considering me as one of them  
through out the study period. 
 
 III
Abstract 
 
The study was designed to evaluate drinking water hygiene, with 
special  reference  to  the  incidence  of  bacterial  water-borne  disease in 
some  parts  of  Sudan,  demonstrated  Unity  and  Kassala  states.  Beside 
evaluating  the  real  situation  of  drinking water  safety  in  the 
mentioned states, some other supporting surveys were included so as to 
bring some basic  field-data,  the  thing  which  positively  provided  the  
study  with important knowledge regarding targeted communities. 
A total of 45 water samples were collected from the known 
drinking water sources within two states, which most of them were likely 
to be (Water-treating stations, natives houses, pools-hafir-, swamps and 
some wells),  as 25 sample from Unity and 20 samples from Kassala 
state. Samples were examined  for  bacterial  contamination  using The 
Most Probable number  of bacteria in a positive presumptive sample, 
(MPN) technique.  The 40 positive contaminated samples were exposed 
to more  investigation  to  isolate enteric  bacteria Genera,  by  using  
classic  identification  for  bacteria;  the results obtained  showed  overall  
of  243  isolates  in  which 12 bacterial Genera were included,  18%  out  
the  total  isolates  was  of  Genus  Escherichia, 
nevertheless  bacteria  of  Genus  Alcagenes  have  not  been  isolated 
from Kassala  state  samples  it  represents  a  percentage  of  3%  out  of  
the  total bacterial  isolates,  that was  enough  for  ranking  it  as  the  
lowest  level  of bacteria  isolated  during  this  study.  Also  physical  
appearance  of  water samples  (turbidity,  pH,  and  colour),  water  
source  flow,  and  water treatment;  were  considered  and  investigated  
as  initial  data. 
 IV
Records  of  diseases  cases  through  out  some  study  areas  
showed significant  high  incidence  rate  of  diarrhoeal  diseases,  which  
may  be diagnosed or strongly  suspected  as water-borne diseases,         
in addition it  was clearly observed that some other water-related cases 
are actually raised-up in considerable rates. 
Interviews and questionnaires held during the study, which 
targeted populations groups who used to get their drinking water from the 
sampled water sources; reflected a serious absence of basic health 
knowledge among large numbers of interviewees. The great percentage 
of agreement in one answer among interviewees was 93.1% , they said 
NO when the question was: (Do  you  use  any  treatment  for  water  
before drinking??). Nay, but also 58.6% relied that untreated water have 
no least hazard to anyone’s health. 
The study reckoned that; majority of drinking water sources in the 
study-area are considered not safe at all, and that is absolutely 
responsible of many disease cases, both in morbidity and mortality rates, 
specially among neo-natal and children in the mentioned areas. 
The study strongly propounded to new-sighted establishing of 
unitary water and sanitation projects, with a priority of essentially needed 
health knowledge effusing, and community participating, the things 
which may provide the needed benefits and make assurance of both 
efficiency and sustainability of any proposed project. 
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 ﻣﻠﺨﺺ اﻟﺒﺤﺚ
 
 ، ﺑﻌﺾ ﻣﻨﺎﻃﻖ اﻟﺴﻮدان ﻓﻲ ﺻﻤﻤﺖ اﻟﺪراﺳﺔ ﺑﺤﻴﺚ ﺗﻘﻮم ﺑﺘﻘﻴﻴﻢ ﻣﻴﺎﻩ اﻟﺸﺮب وﺻﻼﺣﻴﺘﻬﺎ ﻟﻠﺸﺮب 
 إﻟﻰ  ﺑﺎﻹﺿﺎﻓﺔ .   اﻟﺪراﺳﺔ ﻋﻠﻰ وﻻﻳﺔ اﻟﻮﺣﺪة ﺑﺠﻨﻮب اﻟﺴﻮدان ووﻻﻳﺔ آﺴﻼ ﺑﺸﺮق اﻟﺴﻮدان أﺟﺮﻳﺖ 
ﻴﺔ  ﺑﻌﺾ اﻟﻤﺴﻮﺣﺎت اﻟﺤﻘﻠ إﺟﺮاء  ﺗﻢ ﻴﺎﻩ اﻟﺸﺮب ﺑﺎﻟﻮﻻﻳﺘﻴﻦ اﻟﻤﺬآﻮرﺗﻴﻦ ﺗﻘﻴﻴﻢ اﻟﺤﺎﻟﺔ اﻟﺼﺤﻴﺔ ﻟﻤ 
 اﻟﺒﺤﺚ ﻋﻠﻰ ﻹﻧﺠﺎز  وﻣﻬﻤﺔ أﺳﺎﺳﻴﺔ  ﻗﺪ ﺗﻜﻮن اﻟﺘﻲ ﻣﺪﻩ ﺑﺎﻟﻤﻌﻠﻮﻣﺎت وذﻟﻚ ﺑﻐﻴﺔ ،اﻟﻤﺴﺎﻋﺪة ﻟﻠﺒﺤﺚ 
 . ﻣﻨﺎﻃﻘﻬﻢﻓﻲﻣﺴﺘﻮى اﻟﻤﺠﻤﻮﻋﺎت اﻟﻤﺴﺘﻬﺪﻓﺔ ﺑﺼﺤﺔ ﻣﻴﺎﻩ اﻟﺸﺮب 
 ﻋﻴﻨﺔ ﻣﻦ 02 ﻋﻴﻨﺔ ﻣﻦ وﻻﻳﺔ اﻟﻮﺣﺪة و 52 ﻋﻴﻨﺔ ﻣﻴﺎﻩ ﻣﻦ اﻟﻮﻻﻳﺘﻴﻦ ﺑﻮاﻗﻊ 54 اﻟﺪراﺳﺔ أﺛﻨﺎء ﺟﻤﻌﺖ 
 ﻟﻸﻧﺎﺑﻴﺐ  اﻟﻌﺪد اﻟﻤﺤﺘﻤﻞ  اﻟﺒﻜﺘﻴﺮﻳﺔ ﻋﻠﻰ اﻟﻌﻴﻨﺎت ﺑﺎﺳﺘﻌﻤﺎل ﻃﺮﻳﻘﺔ أﺟﺮﻳﺖ اﻻﺧﺘﺒﺎرات .  وﻻﻳﺔ آﺴﻼ 
 اﺧﺘﺒﺎرات إﺟﺮاء  ﻧﺘﺎﺋﺞ ﻣﻮﺟﺒﺔ وﻣﻦ ﺛﻢ ﺗﻢ أﻇﻬﺮت  ﻋﻴﻨﺔ 04.   ﺗﻈﻬﺮ ﻧﺘﺎﺋﺞ ﻣﻮﺟﺒﺔ ﻟﻼﺧﺘﺒﺎر اﻟﺘﻲ 
ا ﻟﻤﺘﺤﺼﻞ  ﻋﻠﻴﻬﺎ  ﻋﻦ  ﻋﺰل  ﻣﺎ    ا ﻟﻨﺘﺎﺋﺞ أﺳﻔﺮت .  ﻬﺎ  ﻟﻌﺰل  ا ﻟﺒﻜﺘﻴﺮﻳﺎ  ا ﻟﻤﻌﻮﻳﺔ ﻣﻌﻤﻠﻴﺔ  أﺧﺮى  ﻋﻠﻴ 
آﺎﻧﺖ اﻟﺒﻜﺘﻴﺮﻳﺎ ﻣﻦ ﺟﻨﺲ .   ﻧﻮع ﻣﻦ اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻤﻌﻮﻳﺔ 21 ﻋﺰﻟﺔ ﺑﻜﺘﻴﺮﻳﺔ ﺗﻀﻤﻨﺖ 342ﻣﺠﻤﻮﻋﻪ 
ﻣﻦ ﻣﺠﻤﻮع اﻟﻌﺰﻻت اﻟﺒﻜﺘﻴﺮﻳﺔ %  81وآﺎﻧﺖ ﻧﺴﺒﺘﻬﺎ ,   ﺗﻢ ﻋﺰﻟﻬﺎ اﻟﺘﻲ  اﻷﻧﻮاع  أآﺜﺮ  هﻲ اﻻﺷﺮﻳﺸﻴﺎ 
 اﻟﻌﻴﻨﺎت اﻟﺨﺎﺻﺔ ﺑﻮﻻﻳﺔ آﺴﻼ آﺎﻧﺖ ﻓﻲ  ﻟﻢ ﺗﻌﺰل واﻟﺘﻲ اﻟﺒﻜﺘﻴﺮﻳﺎ ﻣﻦ ﺟﻨﺲ اﻟﻜﺎﺟﻴﻨﻴﺲ .  ﻟﻠﻌﻴﻨﺎت 
 اﻟﺘﻲ  اﻟﺒﻜﺘﻴﺮﻳﺔ اﻷﺟﻨﺎس ﻳﺔ ﻟﻠﻮﻻﻳﺘﻴﻦ وهﻰ أﻗﻞ ﻧﺴﺒﺔ ﺑﻴﻦ ﻣﻦ ﻣﺠﻤﻮع اﻟﻌﺰﻻت اﻟﺒﻜﺘﻴﺮ %  3ﻧﺴﺒﺘﻬﺎ 
 . اﻟﺪراﺳﺔﻓﻲﺗﻢ ﻋﺰﻟﻬﺎ 
 اﻷس  ،درﺟﺔ اﻟﺘﻌﻜﻴﺮ )  ﺷﻤﻠﺖ واﻟﺘﻲ أﻳﻀﺎ اﺷﺘﻤﻠﺖ اﻟﺪراﺳﺔ ﻋﻠﻰ ﻓﺤﺺ اﻟﻤﻈﺎهﺮ اﻟﻔﻴﺰﻳﺎﺋﻴﺔ ﻟﻠﻌﻴﻨﺎت 
 ﻣﺎﺋﻲ  آﺎن ﻣﺼﺪر اﻟﻤﻴﺎﻩ ﻣﻦ ﻣﺠﺮى إذا ﺗﻀﻤﻦ اﻟﺒﺤﺚ ﻣﻼﺣﻈﺔ ﻣﺎ  آﺬﻟﻚ ،(  و اﻟﻠﻮن ،اﻟﻬﻴﺪروﺟﻴﻨﻲ 
وﻗﺪ .  ﺔﻣﻌﺎﻟﺠ ﻣﺼﺎدر ﻣﻴﺎﻩ ﺟﺮت ﻟﻬﺎ ﻋﻤﻠﻴﺎت ﺬت ﻣﻦ  أﺧ اﻟﺘﻲ اﻟﺪراﺳﺔ اﻟﻌﻴﻨﺎت ﺳﺠﻠﺖ .  ﺑﻪ ﺗﻴﺎر 
 . اﻟﺪراﺳﺔﻓﻲﺿﻤﻨﺖ هﺬﻩ اﻟﻤﻌﻠﻮﻣﺎت ﺳﺎﻟﻔﺔ اﻟﺬآﺮ آﻤﻌﻠﻮﻣﺎت أﺳﺎﺳﻴﺔ 
 ﺑﺎﻷﻣﺮاض   ﻟﻺﺻﺎ ﺑﺔ   ﻣﻨﺎﻃﻖ  ا ﻟﺪراﺳﺔ  وﺟﻮد  ﻣﻌﺪﻻت  ﻋﺎ ﻟﻴﺔ ﻓﻲ أﻇﻬﺮت ﺳﺠﻼت  اﻷﻣﺮاض 
 أﻣﺮاض ﻧﺎﺗﺠﺔ ﻋﻦ ﺄﻧﻬﺎ ﺑ  آﺎﻧﺖ ﻗﺪ ﺷﺨﺼﺖ ﻗﺒﻼ أو اﺷﺘﺒﻪ واﻟﺘﻲ  .  ﻟﻤﺎء اﻟﻤﺴﺒﺒﺔ ﻟﻺﺳﻬﺎل ﺑﺎ اﻟﻤﺮﺗﺒﻄﺔ 
 اﻷﺧﺮى اﻟﻤﺮﺗﺒﻄﺔ ﺑﺎﻻﻧﺘﻘﺎل اﻷﻣﺮاض آﻤﺎ وﻗﺪ ﻟﻮﺣﻆ ﺑﻮﺿﻮح أن اﻟﻌﺪﻳﺪ ﻣﻦ .  ﻣﻴﺎﻩ اﻟﺸﺮب اﻟﻤﻠﻮﺛﺔ 
 .ﻋﺒﺮ اﻟﻤﻴﺎﻩ اﻟﻤﻠﻮﺛﺔ ﻗﺪ أﻇﻬﺮت ﻧﺴﺒﺎ ﻣﻬﻤﺔ و ﻋﺎﻟﻴﺔ
ﺎ اﻟﺪراﺳﺔ  أﺟﺮﻳﺖ ﺑﻬ اﻟﺘﻲ ت ﻣﻦ ﺳﻜﺎن اﻟﻤﻨﺎﻃﻖ ﺎ أﺟﺮﻳﺖ ﻣﻊ ﻣﺠﻤﻮﻋ اﻟﺘﻲ اﻟﻤﻘﺎﺑﻼت واﻻﺳﺘﺒﻴﺎﻧﺎت 
أﻇﻬﺮت ﻏﻴﺎﺑﺎ آﺒﻴﺮا ﻟﻠﻤﻌﺮﻓﺔ  ﺧﻀﻌﺖ ﻟﻠﺘﺤﻠﻴﻞ  اﻟﺘﻲ واﻟﺬﻳﻦ ﻳﺴﺘﻌﻤﻠﻮن ﻣﻴﺎﻩ اﻟﺸﺮب ﻣﻦ اﻟﻤﺼﺎدر 
ﻣﻦ  %  1.39 ﺣﻮاﻟﻲ ﺗﻔﻖ  وﻗﺪ ٳ  آﺒﻴﺮة ﻣﻦ  اﻟﻤﺠﻤﻮﻋﺎت اﻟﻤﻌﻨﻴﺔ أﻋﺪاد  أوﺳﺎط  ﻓﻲ  اﻷﺳﺎﺳﻴﺔ اﻟﺼﺤﻴﺔ 
 دى  ﺗﺆأن  ﻣﻌﺎﻣﻼت ﻣﻦ ﺷﺄﻧﻬﺎﻳﺔ ﻻ ﻳﻘﻮﻣﻮن ﺑﺄأﻧﻬﻢ ﻓﻲ واﻟﻤﻘﺎﺑﻼت اﻻﺳﺘﺒﻴﺎﻧﺎت ﻣﻌﻬﻢ أﺟﺮﻳﺖاﻟﺬﻳﻦ 
 
IV 
 أﺻﻼ اﻟﻤﻴﺎﻩ أنﻣﻨﻬﻢ ﻳﺮون  % 6.85 ﺣﻮاﻟﻲوآﺎن . ﺘﻠﻮثﻟظ ﻋﻠﻴﻬﺎ ﻣﻦ اﺎ ﺗﻨﻘﻴﺔ اﻟﻤﻴﺎﻩ أو اﻟﺤﻔإﻟﻰ
 .اﻷﻣﺮاض ﺗﻨﻘﻞ أن ﻻ ﻳﻤﻜﻦ 
اﺳﺔ ﺗﻌﺘﺒﺮ  ﺑﻬﺎ اﻟﺪر أﺟﺮﻳﺖ  اﻟﺘﻲ ﻟﻤﻨﺎﻃﻖ  ا ﻓﻲ  ﻣﻌﻈﻢ ﻣﺼﺎدر ﻣﻴﺎﻩ اﻟﺸﺮب أن  إﻟﻰ ﺗﻮﺻﻠﺖ اﻟﺪراﺳﺔ 
 ﺳﻮاء  ﻋﻠﻰ ﺻﻌﻴﺪ اﻷﻣﺮاض ﻣﻦ   ﻋﻦ  اﻟﻌﺪﻳﺪ أﻳﻀﺎ  ﺑﻞ  وﻣﺴﺌﻮﻟﺔ ،ﻣﺼﺎدر  ﻏﻴﺮ ﺻﺎﻟﺤﺔ ﻟﻠﺸﺮب 
 . اﻟﻤﻨﺎﻃﻖ اﻟﻤﺬآﻮرةﻓﻲ  اﻟﻮﻻدة و اﻷﻃﻔﺎلﺣﺪﻳﺜﻲ أو اﻟﻤﻮت ﺧﺼﻮﺻﺎ ﺑﻴﻦ اﻹﺻﺎﺑﺎتوث ﺣﺪ
 وﻓﻖ رؤى ﺗﻀﻤﻦ اﻟﻤﺸﺎرآﺔ ﻗﺘﺮﺣﺖ اﻟﺪراﺳﺔ اﻟﻘﻴﺎم ﺑﺘﻨﻔﻴﺬ ﻣﺸﺎرﻳﻊ ﺗﻮﻓﻴﺮ اﻟﻤﻴﺎﻩ اﻟﺼﺎﻟﺤﺔ ﻟﻠﺸﺮب ٳ 
ﻋﻴﺔ اﻟﺼﺤﻴﺔ ﻓﺔ اﻟﺘﻮ ﻧﺸﺮ ﺛﻘﺎ  ﻋﻠﻰ أن ﻳﺴﺒﻖ هﺬا  ،ت اﻟﻤﺸﺮوﻋﺎ اﻟﻔﻌﺎﻟﺔ ﻟﻠﻤﺠﺘﻤﻌﺎت اﻟﻤﺴﺘﻬﺪﻓﺔ ﺑﻬﺬﻩ 
 . هﺬﻩ اﻟﻤﺸﺎرﻳﻊ واﻻﺳﺘﻔﺎدة اﻟﺤﻘﻴﻘﻴﺔ ﻣﻨﻬﺎاﺳﺘﻤﺮار زﻳﺎدة ﺿﻤﺎﻧﺎت إﻟﻰﺑﻤﺎ ﻗﺪ ﻳﺆدى 
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Introduction 
 
Water is one of most vital resources. It dissolves and transports 
nutrients from the soil into the bodies of plants and animals, dissolves and 
dilutes many wastes, serves as a raw material for photosynthesis which 
provides food for all living organisms, and it is a major factor in world 
climate and weather patterns. Thus, all life on earth depends on water. 
 In recent years water quality problems have attracted increasing 
attention from authority and communities throughout the world, 
especially in developing countries, previously neglected aspects of 
environmental protection are now becoming a major obstacle for further 
and sustainable economic and social development. 
 The international community has now acknowledged the severity 
of the problems incurred by deteriorating water quality and agreed 
formally to take action to protect the quality of “fresh water” resources. 
 Management of water pollution requires a concise definition of the 
problem to be managed the first task is recognition of an alleged water 
quality problem as being “a problem”. This assumes an ability to identify 
all relevant water quality problems. The next task is to make sure that 
useful information is acquired that enables identification and assessment 
of existing and potential future water quality problems. Identified water 
quality problems may fall into different categories requiring application 
of different management tools and interventions. For optimal resolution 
of the problems For example it is important to know whether a certain 
water quality problem pertains only to a local community or whether it is 
a national problem. 
 It may also be useful to categorize water quality problems as either 
“impact issue” or “user-requirement issues”. Impact issues are those 
derived from human activities that negatively affect water quality or that 
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result in environmental degradation. User-requirement issues are those, 
which derive from an inadequate matching of user-specifying water 
quality requirements (demand) and the actual quality of the available 
resources (supply). 
 According to the traditional water pollution control approach, user-
requirement issues would often be overlooked because the identification 
of such problems is not based on objectively verifiable indicators. Where 
as the impact issue can be identified by the presence of user-requirement 
issues is identified by a lack of water of adequate quality for a specific, 
identified use. 
 The microbiological quality of drinking water is a concern to 
consumers, water suppliers’ regulators and public health authorities alike. 
The potential of drinking water to transport microbial pathogens to great 
numbers of people, causing subsequent illness, is well documented in 
countries at all levels of economic development. The number of 
outbreaks that had been reported throughout the world demonstrates that 
transmission of pathogens by drinking water remains a significant cause 
of illness. 
 
Objectives: 
The main objective was to evaluate water hygiene in some 
different areas of Sudan regarding animal's and human's population and 
bacterial water-borne diseases history in every mentioned area, by 
bacteriological testing of water samples from known drinking water 
sources in every area the study take place. 
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Chapter One 
Literature Review 
1.1 Overview 
 The world health organization’s (WHO) definition of a food or a 
waterborne-outbreak is when two or more persons experience a similar 
illness after ingestion of the same type of food or water from the same 
source, and when the epidemiological evidence the food or the water as 
the source of the illness (Schmidt, 1995). Unfortunately, in the early 
stages of an outbreak it is usually far from clear whether cases are linked 
or related to drinking water. This is a particular problem for common 
infections transmitted through various different routes. A small number of 
cases associated with a water supply may not be detectable against the 
general background of infection. Instead, existing surveillance systems 
only detect general changes in the incident of infectious diseases. 
 A more useful definition of a waterborne outbreak, for the purposes 
of active surveillance, is when more cases than would be expected are 
clustered, geographically and in time. In other words, are more cases 
being reported from a particular geographical location than would be 
considered normal. Clearly, in order to make this judgment, there has to 
be a system in place for the detection of cases of infection and an 
understanding of the expected frequency of reporting. The diseases most 
frequently associated with water are enteric infections that are also often 
associated with food (Mead et al., 1999). 
 An outbreak needs to be in progress to be detected by a public 
health surveillance system, preventing outbreaks occurring in the first 
place is the focus of the authorities responsible for supplying drinking 
water. A combination of a study of outbreak combined with theoretical 
risk analysis can be used to predict scenarios that are likely to lead to 
water becoming unsafe. 
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The concentration of bacteria in water is depending on many 
different factors such as circulation, speed, temperature and possible 
contents of growth restarting, or stimulating substances (Byden et al, 
1996). The most important biological factor in rather comprehension 
examination is Escherichia coli, which are the most common intestine-
bacteria within warm-blooded animals including humans, (Murray et al, 
1998). 
 The presence of Escherichia coli works as warning sign for serious 
diseases. Escherichia coli is normally not found in lakes or rivers, and 
when found, it is therefore a sign of faecal pollution and an indicator of 
potential dangerous diseases like cholera, typhoid, hepatitis, etc…. if 
coliform bacteria show up in a water sample, it is possible that disease-
causing bacteria, viruses and parasites from improperly treated waste 
water are also present, (Barbara Linkkolen and Craig hassle, 2003). 
 
1.2 Water quality criteria, guidelines, and standards: 
 A health affects recreational water quality criteria are defined as a 
measurable relationship between the quantities of the indicator in water 
and the potential risk of human health associated with using  the water for 
recreational purposes. A water quality guideline, obtained from the 
criterion, is a suggested support limit on the quantity of the indicator in 
the water that is associated with an unacceptable level of health risk. The 
early impetus behind the bacteriological examination of drinking water is 
to determine whether water as consumed was contaminated. Much water 
consumed received no treatment and such treatment when applied was 
mainly intended to improve aesthetic quality. At that time was required is 
now referred to as index organism, although the term indicator was 
generally applied. Since then It has been recognized that microbial 
parameters can provide useful information throughout the drinking water 
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production process, including catchment’s survey, source of water 
characterization, treatment efficiency and examination of the distribution 
system. 
 Although many waterborne pathogens can be detected; the 
methods for their detection are often difficult to implement, relatively 
expensive, and time consuming. Furthermore the original logic behind the 
indicator concept still holds true, in that a range of pathogens may shed 
into water from faecal matter of infected people and animals, and there 
are enteric pathogens as yet unrecognized. As such, it is neither 
practicable nor recommended to examine water for every known 
pathogen that might be present. Examination for finished waters for 
pathogens will only permit confirmation that consumers have been 
exposed to pathogens whereas examination for non-pathogenic organisms 
as an index of faecal pollution or an indicator of adequacy of treatment 
permits recognition of the potential for pathogens to be present without 
the need for their actual presence. 
 Here the researcher is to review the index, parameters, highlighting 
those that are best suited to a range of purposes, with the main thrust 
being towards minimizing faecal-oral disease transmission. 
 
1.2.1 Microbial Parameters:  
 A number of documents contain detailed information on taking 
samples for analysis of microbial parameters and their storage and 
transportation (WHO, 1997; Anon, 1994; and APHA, AWWA, WEF, 
1998); there are several key points that are summarized below: 
• Care should be taken that the samples are 
representative of the water examined. 
• If the sample contains disinfectant, sterile sodium 
thiosulphate should be included in the sample in the 
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sample container in order to neutralize any residual 
components. 
• In order to minimize changes in the microbial content, 
samples should not be exposed to light and should be 
rapidly cooled to between 4º —10ºC. 
  
Microbial parameters are common in the environment and can easily be 
introduced in the course of sampling or analysis. 
 
1.2.1.1  The coliform group 
 The coliform group is made up of bacteria with defined 
biochemical and growth characteristics that are used to identify bacteria 
that are more or less related to faecal contaminants. The total coliform 
represent the whole group, and are bacteria that can grow at a high 
temperature (44.2º C) and Escherichia coli is a thermo tolerant species 
that is specifically of faecal origin. A finding of any coli form bacteria, 
whether thermo tolerant or not, in water requires immediate investigation 
and corrective action, and that should not be delayed pending the 
determination of which type of coliform has been detected, (OECD, and 
WHO, 2003). 
 
1.2.1.2   Enterococci and Faecal Streptococci 
 Faecal streptococci are more resistant to stress and chlorination 
than E.cloi and the other coliform bacteria. Although both faecal 
streptococci and enterococci remain in use as monitoring parameters in 
drinking water, enterococci appear likely to support faecal streptococci as 
the parameter of choice as they are clearly of faecal origin from warm 
blooded animals. 
 7
 Enterococci, as an index of faecal pollution, can also be used to 
complement E.coli in catchment’s assessment, in tropical climates (where 
E.coli in less appropriate because of the suspicion of multiplication) and 
in ground water source evaluation. Enterococci can also serve as an 
additional indicator of treatment efficiency. They are highly resistant to 
drying and thus may be valuable for routine control after new mains are 
laid or distribution systems are repaired. They have been used to assess 
the significance of doubtful results from other organisms (Gleeson and 
Gray, 1997). 
 
1.2.1.3   Ratio of Counts 
 The ratio of counts of thermo-tolerant coliforms and faecal 
streptococci has been proposed as a mean of differentiating between 
contaminations from human and animal sources. Ratios of thermo 
tolerant coliforms to faecal streptococci greater than four have been 
suggested to indicate a human source whereas ratios less than 0.7 indicate 
an animal source. These ratios are highly variable. They may vary 
according to the number of sources, are often site specific, differ with the 
effect of wastewater disinfections and the age of the contamination. All of 
these factors have a marked effect on the ratio. This ratio is therefore no 
longer recommended as a mean of differentiating sources of pollution   
(P. Payment, M. Waite and A. Dufour, 2003). 
 
1.2.1.4  Direct total counts and activity tests (total and viable 
bacteria). 
 Quantification of the total numbers, viability or activity of 
microorganism can be useful in assessing the general microbial contents 
of water. Most direct tests are targeted to general microbial populations 
rather than faecal microorganisms. 
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 As they assess general microbial level and not faecal contamination 
they are of limited sanitary significance and, as such, are not used in 
routine monitoring (P. Payment, M. Waite and A. Dufour, 2003). 
 
1.2.1.5  Heterotrophic aerobic and aerobic spore former bacteria 
count. 
 Cultural methods used for counting heterotrophic aerobic bacteria 
can be adapted to count only spores by exposing samples to temperature 
of 70º ─ 80º C for 10 minuets before culturing. Counts of aerobic spore 
forming bacteria before and after treatment are useful in evaluating 
treatment effectiveness whether removal or disinfection. They are not an 
index of faecal pollution but provide basic information on cultivable 
bacteria and their viability (P. Payment et al 2003). 
 
1.2.1.6  Bacteriophages 
 Bacteriophages (also known as phages) are viruses that only infect 
bacteria. Leclerc (2000) has reviewed the literature on the use of 
bacteriophages and concludes that they have significant limitation as 
indices of faecal pollution and enteric viruses, other published evidence 
indicates that bacteriophages have potential value as indices of faecal 
contamination and indicators of treatment effectiveness (Sobsey et al, 
1995; and Grabow, 2001). 
 
1.2.1.7  Sulphite-reducing Clostridia and Clostridium perfringens  
 sulphite-reducing clostridia are obligately anaerobic, spore-forming 
organisms of which the most characteristics, Clostridium perfringens, is 
normally present in faeces (although in much smaller numbers than 
E.coli). Except for Clostrdium perfringens they are not exclusively of 
faecal origin and can be derived from other environmental sources.  
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The spores can survive in water for very long periods and are quite 
resistant to disinfection. As C. perfringens is faecally specific, unlike the 
other sulphite-reducing clostridia, it is the preferred parameter. Clostridia 
are not, however recommended for the routine monitoring of distribution 
systems because of their length of survival they may be detected long 
after (and far from) the pollution event, leading to possible false alarms 
(P. Payment, M. Waite and A. Dufour, 2003). 
 
1.2.1.8  Pseudomonas aeruginosa and Aeromonas spp. 
 Pseudomonas and Aeromonas spp., are gram-negative, rod-shaped, 
oxidase-positive, non spore-forming bacteria that are environmentally 
widespread, with some being opportunistic pathogens. 
 Ps. aeruginosa is commonly found in faeces, soil, water, and 
sewage but can not be used as an index of faecal contamination, since it is 
not invariably present in faeces and sewage, and may also multiply in the 
enriched aquatic environment and on the surface of organic materials in 
contact with water. Its presence may lead to deterioration in 
bacteriological quality, and is often associated with arise in water 
temperature or low rates of flow, and consequent complaints about taste, 
odour, and turbidity. Aeromonas shows no particular association with 
faecal pollution, but related distributed water can contain large numbers 
as a result of regrowth in mains and storage reservoirs. Neither 
Pseudomonas nor Aeromonas are indices of faecal pollution, but may be 
useful in assessing regrowth in distribution systems (WHO, 2001). 
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1.2.1.9  Present-Absence test (P.A. test) 
 Clark (1968), developed simple present-absence technique (P.A) 
can be economical alternative to coliform analysis, (Pipes and Christian, 
1984) stated that coliform organisms tend to be irregularly distributed, the 
P.A test, which is in essence the most probable number method reduced 
to a single tube, simply gives an indication of whether coliform bacteria 
are present or not (Clark, 1980). The test eliminates the types of errors 
associated with more complex enumeration techniques and record 
keeping. P.A testing is an effective screening device when assurance of 
zero coliform organisms is required on a large number of samples but it is 
not appropriate test when contamination is common, and thus, it is not 
recommended for use in the analysis of surface water or untreated small 
community supplies. The P.A test is given as a standard procedure in 
APHA, AWWA, WEF (1998) and with appropriate confirmatory 
procedures a single test can detect total coliforms, Aeromonas, 
Clostridium, E.coli, faecal streptococci, Pseudomonas, and 
Staphylococcus. 
 
1.2.1.10  Hydrogen Sulphide Test 
 Manja et al, (1982), developed screening test for faecal pollution of 
water sources based on the detection of H2S production by bacteria. 
Hydrogen sulphide (H2S), is produced by some bacteria that are 
associated with faecal contamination, such as some members of 
Enterobacteriacae, and some other bacteria. The current status, 
advantages and limitations of H2S testing for faecal contamination of 
water was recently reviewed (Sobsey and Pfaender, 2002). The H2S strip 
test is a potentially useful tool for screening water sources and drinking 
water for faecal pollution, especially for small communities without 
access to water testing laboratories, but it is not recommended as 
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substitutes for more specific and better-established microbiological 
parameters for faecal contamination, such as E. coli. 
 
1.2.1.11  Other Microorganisms 
 Other microorganisms (e.g. bifidobacteria, Candida/yeasts, acid-
fast bacteria… etc) have been considered in the past as potential 
parameters of drinking water quality. None of these has been widely 
accepted and they are not recommended as parameters for drinking water 
evaluation. 
 
1.2.1.12  Pathogens 
 Various pathogenic microorganisms have been suggested as 
indices of faecal pollution, this approach does not provide the degree of 
public health protection afforded by the traditional non-pathogenic index 
or indicator organisms as it depends upon detecting an actual risk of 
infection rather than the potential of one (Allen et al.,2000). 
 
 Enteric Viruses: Discharges of sewage and human excreta 
constitute the main source of human enteric viruses in the aquatic 
environment and enteric viruses are always associated with human or 
animal faecal pollution, but failure to detect them does not indicate the 
absence of faecal pollution because their occurrence in faeces is highly 
variable. 
 Protozoan Parasites: Crypto sporidium oocysts and Giardia cysts 
are associated with human and animal faecal sources including 
amphibians, birds, and mammals. The failure to detect cysts or oocysts 
does not constitute an indication of the absence of faecal pollution, as 
their numbers in faeces are highly variable. 
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Table 1.1   Microbial parameters and assay characteristics  
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Total coliforms ‘’’’’’’’ L M M M M L 
Thermotolerant coliforms M M M M M M L 
Escherichia cloi H M M M M M L 
Faecal streptococci 
(enterococci) 
M M M M M M ISD 
Ratio between counts (any 
parameters) 
       
Total bacteria (microscopic)   H M M H H 
Viable bacteria (microscopic)   M M M H M 
Total bacteria (automated)   H H M H H 
Viable bacteria (automated)   H H M H M 
Heterotrophic bacteria  L M M M H H 
Aerobic spore-forming bacteria  L M M M H H 
Somatic coliphages ISD M H M M H M 
F specific RNA phages ISD M H M M H H 
Bacteroides phages ISD M H M M ISD H 
Sulphite-reducing clostridia   L M M M VH VH 
Clostridium perfringens H L M M M VH VH 
Pseudomonas, Aeromonas  M M M M VH L 
Enteric viruses  H L H H H H 
Giardia cysts  H L H H H H 
Cryptosporidium oocysts  H L H H VH VH 
Key; 
L: low. M: medium. H: high. ISD: insufficient  data.                                  : not applicable  
 
Source: Assessing microbial safety of drinking water, OECD, WHO2003 
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1.2.2  Non-microbial parameters: 
 In addition to microbial measurements there are various 
physiochemical assays of water quality. Many of these parameters can be 
analyzed relatively quickly and at less cost than the microbial parameters, 
but for most of these assays the benefit of their use comes from the speed 
and simplicity of measurement rather than the specifity of the assay itself. 
The value of the tests comes from their application as triggers, to give 
early warning through the detection of changes or unusual events, which 
can then be followed up more rigorously (P. Payment, M. Waite and A. 
Dufour, 2003). 
 
1.2.2.1  Rainfall events 
 Rainfall events are among the most important causes of 
degradation in source water quality affecting surface water quality and 
ground water by divers the movement of pathogens into and through 
water bodies. Although not a measure of faecal loading, rainfall events 
are useful in prediction deterioration in source water quality and permit 
appropriate precautionary measures to be taken to safeguard treated water 
quality (P. Payment, M. Waite and A. Dufour, 2003). 
 
1.2.2.2  Flow 
 Measurement of flow provides information regarding the 
availability and production of quality water. Low flow in surface water 
may lead to biological degradation and higher concentrations of 
pollutants due to reduced dilution of discharges. Changes in flow rates 
within distribution systems can result in suspension of sediments and 
deterioration of supplies (P. Payment et al., 2003). 
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1.2.2.3  Colour 
 Colour in drinking water may be due to the presence of organic 
matter, e.g. humic substances. Drinking water should be colourless, 
changes in colour from that normally seen can provide warning of 
possible quality changes or maintenance issues, and should be 
investigated. It is simply and cheaply to be measured using a 
spectrophotometer or simple colorimeter, or using visual comparison with 
known standards (P. Payment et al., 2003). 
 
1.2.2.4 pH  
 The pH of water affects treatment processes; any unusual change in 
water pH may reflect a major event. pH is commonly adjusted as apart of 
treatment process and continuously monitored. Simple paper strip or 
colorimetric tests are used for determining water pH (P. Payment et al, 
2003). 
 
1.2.2.5  Solids 
 Water always contains amount of particulate matter ranging from 
colloidal organic or inorganic matter. Various methods have been devised 
to identify or measure these solids. 
 Solids can be dissolved solids or suspended solids in water; 
together they are referred to as total solids. The amount of solids in water 
affects both removal and disinfection processes (APHA, AWWA, 
WEF,1998). 
1.2.2.6  Turbidity 
 Turbidity is a measure of suspended solids. It is not associated 
specifically with faecal material, but increases of turbidity are often 
accompanied with increases in pathogens numbers, including cysts or 
oocysts. Turbidity is determined by measuring the amount of light 
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scattered by the particulate matter in the water using a nephelometer 
(WHO, 1997). 
 
1.2.2.7  Particle size analysis 
 Particles in water are distributed over a wide range of size. 
Enumeration and identification of the nature of the larger particles is best 
achieved by microscopy. Particle counting can provide a general index of 
removal effectiveness and as such is a good quality control parameter for 
filtration (P. Payment et al., 2003). 
 
1.2.2.8  Microscopic particulate analysis 
 Microscopic particulate analysis provides detailed microscopic 
information on the nature of particulates in water. Biological particles and 
inorganic particles are described and enumerated. It is useful to identify 
contaminants in groundwater; providing information on the nature and 
likely origins of it’s contamination. It is mainly of value as a research and 
investigational tool rather than for routine monitoring (A. Dufour et al., 
2001). 
 
1.2.2.9  Disinfectant residual concentration 
 Chlorine is the most widely used disinfectant in water treatment. 
For the majority of bacterial pathogens and some viruses, terminal 
disinfection is the critical control point of treatment and proper 
measurement, and control of disinfectant dose and contact time (along 
side pH and turbidity) is imperative. The measurements of disinfectant 
dose, residual concentration during and after disinfection is a required 
measurement at most water treatment works. Simple colorimetric tests 
using titration methods or kits can be used for manual disinfectant 
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residual concentration determination (P. Payment, M. Waite and A. 
Dufour, 2003). 
 
1.2.2.10  Organic matter 
 Data on the level of organic matter in treated water provide an 
indication of the potential for the regrowth of heterotrophic bacteria 
(including Pseudomonas and Aeromonas) in reservoirs and distribution 
systems. Organic matter can be measured as Total Organic Carbon 
(TOC), Biochemical Oxygen Demand (BOD), or Chemical Oxygen 
Demand (COD). 
 
1.2.2.11  Specific chemical parameters 
 Ammonia is rapidly oxidized in the environment, and is typically 
found in natural water at concentration less than 0.1 mg/L. 
Concentrations significantly above this indicate gross contamination by 
fresh sanitary waste. 
 Excreted materials, such as faecal sterols, secretory 
immunoglobulin type A, caffeine, urobilin, and a number of other 
parameters have been suggested as indices of faecal pollution. 
 Research on the use of these parameters is ongoing, and yet they 
are not recommended for routine monitoring (P. Payment, M. Waite and 
A. Dufour, 2003). 
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Table 1.2  Non-microbial parameters assay characteristics:  
 
 
 
Parameter 
 
 
 
 
 Sp
ee
d 
m
ea
su
re
m
en
t 
  Po
ss
ib
ili
ty
 o
f o
nl
in
e 
m
on
ito
ri
ng
 o
r 
au
to
m
at
io
n 
 C
os
t  
 Te
ch
ni
ca
l d
iff
ic
ul
ty
 
Rainfall events H H L L 
Flow H H L L 
Colour H H L L 
pH H H L L 
Solids (Total and dissolved) M L M M 
Conductivity H H L L 
Turbidity H H L L 
Particle size analysis H H H H 
Microscopic particulate analysis H L H H 
Disinfectant residual H H L L 
Organic matter (TOC, BOD, COD) M H M M 
Ammonia H M M M 
 
Key: 
 L: low. M: medium. H: high. 
 
Source: Assessing microbial safety of drinking water, OECD, and  WHO (2003). 
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1.3 Water resources: 
1.3.1  Overview: 
1.3.1.1  World water resources 
 The world supply of water in all forms (vapor, liquid, and ice) is 
fixed. Total water amount in earth is about 1.5 billion cubic kilometers 
(396 billion billion gallons) (Van Hylckama, 1975), it is unevenly 
distributed, and about 99.997 percent of it, is not readily available for 
human use (Van Hylckama, 1975). That means, only about 0.003 percent 
of the world’s water supply is uncontaminated fresh (or sweet) water, 
which is found in rivers, lakes, swamps, and shallow underground wells. 
 
1.3.1.2  The hydrologic cycle 
 Water, like carbon, oxygen, nitrogen, phosphorus, and other vital 
chemicals, is continually cycled through the ecosphere. The hydrologic 
cycle is a gigantic water distillation and distribution system. Water 
evaporates into the atmosphere from the oceans, lakes, rivers, soil, and 
plants (transpiration) by solar energy, eventually cools and precipitates as 
fresh water, falling either onto land or back into the oceans, rivers, and 
lakes (Ackermann et al, 1955). 
 
1.3.1.3  Distribution of the world’s fresh water 
 The distribution of fresh water  varies because climatic differences 
cause different evaporation rates in different parts of the world. This 
varies the amounts of annual runoff for different continents. For most of 
the world the usable, or average annual runoff of rivers and ground water 
flow, is between 33 and 42 percent of the total rainfall. But in Africa, 
where evaporation rates are high, average annual runoff is only about 16 
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percent of the average annual rainfall (Murray and Reeves 1977, Van Der 
Leeden 1975). 
1.3.1.4  Water use in the world 
 Human use water for three major purposes: 
I. Irrigation to grow food 
II. Industrial uses 
III. Domestic and commercial uses 
 
1.3.2  Water Resources in Sudan 
 Surface water in Sudan comprises of the Nile river system (nilotic 
water) and other, non-nilotic streams. 64% of the Nile basin lies within 
Sudan, while 80% of Sudan lies in the Nile basin.  
Local rainfall is the main source of the non-nilotic streams and of 
the Bahr El.Ghazal basin, whereas rainfall over the central African 
plateau (Equatorial lakes) and over the Ethiopian-Eritrean highlands is 
the main source of the Nile river system and other transboundary seasonal 
streams (Gash and Baraka).  
The Nile system within Sudan comprises: 
• The Blue Nile, Sobat, and Atbara rivers, originating from the 
Ethiopian highlands. 
• The White Nile system, upstream of Sobat River, originating 
from the lakes plateau. 
• The Bahr El.Ghazal basin, an internal basin in southwest 
Sudan 
The major groundwater formations and basins are the Nubian 
sandstone basin and the Umm Rwaba Basins.(FAO, 2003). 
 
 
 
 20
1.3.2.1  Water Distribution and Use in Sudan 
          The total water withdrawal in the Sudan was estimated at 37 km3 for 
the year 2000 (FAO, 2003). The largest water user by far was agriculture 
with 36 km3 (96 % of total). The domestic sector and industry accounted 
for withdrawals of 0.99 km3 (2.6 %) and 0.26 km3 (0.7 %) respectively. 
Water used in Sudan derives almost exclusively from surface water 
resource , groundwater is used only in very limited areas, and mainly for 
domestic water supply, where the exploitation of groundwater has been 
hampered by cost. As the water table is very deep. Internally produced 
water resources are estimated at 37 km³ /year. Incoming water resources 
are estimated at 119 km³ /year, resulting in total natural water resources 
of 156 km³/ year (FAO, 2003). 
Surface water is provided mainly by the Nile River. Then main part 
of Nile is formed by the confluence of the Blue Nile (65%) and the White 
Nile (23%) in the capital Khartoum and receives, before flowing into 
Egypt, one more tributary, the Atbara river (12%). Both the Atbara and 
the Blue Nile rivers originate in the Ethiopian plateaux, while the White 
Nile originates from the Equatorial Lakes Plateau. The rivers of the 
Ethiopian catchment are marked by the extreme range in discharge 
between the peak and low periods, while the flow from the Equatorial 
Lakes plateau is more uniform. At its peak the former provides nearly 
90% of all water reaching Egypt, the latter only 5%. During the months 
with low flow the contributions are 30% and 70% respectively. The 
available average annual flow of the Nile is about 84 km³ at Aswan at the 
Sudano-Egyptian border, of which more than 80% between August and 
October. According to the Nile water agreement between Sudan and 
Egypt, Sudan share is 18.5 km³/ year, measured at Aswan, at the border 
with Egypt. The agreement does not consider possible future reduction in 
water flowing from upstream countries. 
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1.3.3  Water Pollution 
 Water pollution occurs when some substance or condition (such as 
heat) degrades a body of water to such a degree that the water doesn’t 
meet specified standards or cannot be used for a specific purpose. Thus, 
water pollution depends not only on the nature of the pollutants but also 
on the intended uses of the water. 
Although highly sensitive measuring instruments were developed, 
determining water quality is difficult, there are a large number of 
interacting chemicals in water; many of them are only in trace amounts 
(Salisbury, 1977). In addition, different organisms have different ranges 
of tolerance and threshold levels for various pollutants. 
 
1.3.3.1  Major Water Pollutants  
(1) Oxygen-demanding wastes. (These wastes don’t use up the 
oxygen that is dissolved in water, but the bacteria and other 
microorganisms that decompose them do) 
(2) Disease-causing agents. (Bacteria and viruses) 
(3) Inorganic chemicals and minerals. (Acids, salts, and toxic 
metals) 
(4) Organic chemicals. (Pesticides, industrial wastes, and oil) 
(5) Plant nutrients. (Nitrates and phosphates) 
(6) Sediments. (E.g. solids from land erosion) 
(7) Radioactive substances. 
(8) Heat. (It decreases solubility of oxygen in water) 
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1.3.3.2   Sources of Water Pollution 
 Water can be polluted via either point or non-point sources of 
pollution. 
 
? Point Sources 
 Involve discharge of wastes from identifiable points.  
 
? Non-point Sources 
Involve the diffuse discharge of wastes from land runoff, and 
atmospheric washout, and sources that are difficult to identify and 
control (Barton, 1978). 
 
1.3.3.3   Contamination of Groundwater 
As water percolates down through the ground to underground 
aquifers, it is naturally filtered and purified of most harmful chemicals, 
this water source, along with rivers and lakes, is threatened by pollution 
(Evans & Bradford, 1969; Forrestal, 1975; Todd & McNulty, 1976). 
Mercury, lead, arsenic, various non-degradable, and very persistent 
wastes, and viruses from human wastes can contaminate some ground 
water. 
 
1.3.3.4 Effects of Water Pollution 
Water pollution can have a number of harmful effects on individual 
organisms, populations, and biological communities and ecosystems 
(Brubaker 1972, Lee et al 1978, Waldbott 1978). Water pollution effects 
in order of increasing danger to humans could be ranked: 
Class 1: Nuisance and aesthetic insult (odor, taste, etc..) 
Class 2: Property damage 
Class 3: Damage to plants and animal life 
 23
Class 4: Damage to human health 
Class 5: Human genetic and reproductive damage 
Class 6: Major ecosystem disruption. 
 
1.3.3.5 Water pollution control 
Controlling a particular water, air, or land pollutant is not a simple 
process. It involves a number of scientific, technological, economic, and 
political factors, (Tyler Miller, 1979). An idealized scheme for water 
pollution control would consist of the following steps: 
(1). Set up local, regional, national, and global measurement systems to 
identify pollutants and their sources. Emphasize ecological and biological 
measurements of ecosystems and organisms in addition to the physical 
and chemical measurements presently being used, (Wilber, 1969, Cairns 
& Dickson, 1971; 1973, and Westman, 1972, 1977). 
(2). Trace the movement, change in form, concentration, biological 
magnification, and residence time of each pollutant in water. 
(3). Determine any synergistic interaction between pollutant and other 
chemicals. 
(4). Find the level of the pollutant that can be tolerated by an organism 
and ecosystem before short-time or long-term harmful effects occur. 
(5). Determine whether each pollutant can be a nuisance, cause property 
danger. 
(6). Carry out a cost-benefit analysis that compares the benefits of using a 
pollution source with it’s harmful effects, and determine how much 
money is required to reduce the pollutant concentration to a desirable 
levels. 
(7). Set short- and long-range qualitative goals for a pollution control 
program (For example, making water suitable for swimming). 
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(8). Set short- and long- range ambient air and water quality standards 
(Stokinger , 1971), that translate qualitative goals into quantitative 
maximum levels allowed in the air, water, soil, and food. These standards 
may vary from region to region and are only enforceable if emission and 
effluent standards are used. 
(9). Set short- and long-range emission standards that prescribe how 
much of each kind of pollution is allowed from each source. These 
standards may also vary among areas, depending on population density, 
weather and climate, types of industry, and other factors. 
(10). Pass the necessary laws and enforce each standard, balancing out 
the conflicting political and economic interests. These laws must be 
directed at polluters, not pollution. 
(11). Once ambient and effluent standards have been legally established, 
set up a local, regional, and national monitoring system that can quickly 
and accurately measure pollutant levels. 
(12). Develop an integrated, short-term, intermediate-term, and long-term 
plan of pollution control that uses the technology, and laws needed to 
reduce or keep pollutants below harmful levels. 
(13). Institute an effective citizen education and awareness program to 
develop the funds and public support necessary to carry out the pollution 
control program. 
 
1.3.4 Water-borne Diseases 
 As early as 400 BC, it was recognized that polluted water was 
associated with disease (Whitlock, 1954). The first demonstration that 
disease was transmitted by water took place over 2000 years later, when 
the first cholera pandemics, which originated in India, struck Europe and 
resulted in many victims. (WHO, 2003). 
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 Several researchers have attempted to estimate the total burden of 
water-borne diseases worldwide. Huttly (1990) reported a total number of 
1.4 billion annual episodes of diarrhoea in children less than five years of 
age. While PrÜss et al., (2002) estimated that water, sanitation, and 
hygiene were responsible for 4% of all deaths and 5.7% of the total 
disease burden occurring worldwide. In countries where a large part of 
the population does not have access to safe drinking water, a substantial 
number of these infections will be waterborne,. Hunter (1997) estimated 
that waterborne disease might account for one-third of the intestinal 
infections worldwide. 
 Outbreaks of disease from drinking water supplies often result 
from chance events (Deere el al., 2001). The water suppliers need to have 
preventative and emergency response procedures in place to ensure safe 
water delivery in the event of a variety of circumstances. 
 
1.3.4.1  Bacteria and Water: 
Since 1880, coliform bacteria have been used to access the quality 
of the water and likelihood of pathogens being present. Although several 
of the coliform bacteria are not usually pathogenic themselves, they serve 
as an indicator of potential bacteria pathogens contamination. It is 
generally much simpler, quicker and safer to analyze for these organisms 
than for the individual pathogens that may be present. 
 
1.3.4.2  Bacterial water-borne diseases 
 Water may contain many kinds of bacteria, both harmless and 
pathogenic. Some of the better-known waterborne diseases, caused by 
bacteria, are: cholera, bacillary dysentery, shigellosis, and typhoid fever. 
 During the London cholera epidemics of 1853-1854, Dr. John 
Snow conducted experiments in epidemiology. It was observed that 
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nearly every one who became ill obtained their drinking water from a 
specific well into which a cesspool was leaking. Those who became ill 
either: drank water from the well, or come into contact with faecally 
contaminated material while tending those already sick. 
 
1.3.4.3   Role of bacteria in causing water-borne diseases 
 Water contains many different kinds of bacteria both harmless and 
pathogenic. In this great diversity, it’s hard to track the dangerous 
bacteria. The key criteria for ideal bacterial indicator of faecal pollution 
are that they should be universally present in large numbers in the faeces 
of human an d other warm-blooded animals. They should be present in 
sewage effluent, be readily detectable by simple methods and should not 
grow in natural waters. Ideally, they should also be exclusive faecal 
origin and be present in greater numbers than faecal transmitted 
pathogens. No single indicator organism fulfils all these criteria, but the 
member of the coliform group that satisfies most of the criteria for the 
ideal indicator organism in temperate climates is E.cloi. the presence of 
E.coli in a sample of drinking water may indicate the presence of 
intestinal pathogens. However, the absence of E.coli cannot be taken as 
an absolute indication that intestinal pathogens are also absent. E.cloi 
bacteria are the only biotype of the family Enterobacteriaceae  which can 
considered as being exclusively of faecal origin, (Edberg, Rice,  Karlin,  
and Allen, 2000), and (WHO, 1993). 
 The concentration of bacteria in water is dependent on many 
different factors such as circulation, speed, temperature and possible 
contents of growth restraining or stimulating substances, (Byden et al, 
1996). 
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1.3.4.4   How water-transferred diseases spread 
 The largest part of water-transferred diseases are caused by 
pollution and defecation either by human or livestock. Disease spread to 
human through consumption or contact with the water. Insufficient 
infrastructure and lack of adequate sewage systems also contribute to an 
increasing risk of water-transferred diseases. 
Political unrest and natural disasters, with overcrowded refugee camps as 
a result, also play a major part in disease-struck countries. In these 
environments, big disease-outbreaks often occur. 
Another important factor is the frequent use of plastic cans that are 
inadequately cleaned or not suitable for water storage, (Booth et al, 
1994). These problems are often results of lack of money, motivation, or 
insufficient organization and information by the government. The sharing 
of water sources by both humans and livestock is also a danger. Mostly 
the problem is far more complicated and caused by a combination of 
different reasons. 
 
1.3.4.5   Prevention of water-borne diseases. 
 The most safe way to wipe out water-borne diseases like E.coli etc, 
is through conventional filtering and disinfection processes of surface-and 
ground water. In these processes the adding of chlorine in water is the 
main solution for disinfection. High expenses laminate these methods in 
developing countries, (Ulrike et al, 2003). 
Other preventive methods are good planning of wells, waste disposal 
systems and land management. The easiest and most inexpensive way for 
the users to prevent water-borne diseases; is through boiling all water 
intended for consumption and usage of clean containers. 
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1.3.4.6  Assessment of Risk 
 The above-mentioned title is primarily about the role of analytical 
technique in the assessment of risk and specifically the value of water 
quality indicator parameters in this process. Assessment of risk in relation 
to drinking water supplies is undertaken for a number of reasons (Percival 
et al., 2000): 
• To predict the burden of waterborne disease in the community, 
under outbreak and non-outbreak conditions. This is helpful in 
determining the impact of improvements in water supply on health 
and to act as a driver towards improvement. 
• To help set microbial standards for drinking water supplies that 
will give tolerable levels of illness within the populations drinking 
that water. 
• To identify the most cost-effective option to reduce microbial 
health risks to drinking water consumers. 
• To help determine the optimum treatment of water to balance 
microbial risks against chemical risks from disinfection by-
products. 
• To provide a conceptual framework to help individuals and 
organizations understand the nature and risk to, and from, their 
water and how those risks can be minimized. 
Hereby the researcher is to review the value of indicator 
parameters of water quality and other analysis in the context of 
three different approaches to the assessment of risk, namely: 
o Epidemiological methods. 
o Quantitative microbial risk assessment (QMRA). 
o Qualitative risk assessment (including risk ranking). 
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1.3.4.7 What is risk? 
 Can be defined in the simplest form as ‘the possibility of loss, harm 
or injury’. This definition includes two separate concepts; the probability 
of an event and the severity of that event, (OECD, WHO 2003). Clearly 
those risks that need most urgent action are high probability-high severity 
risks. Those that need little, if any, attention are low probability-low 
severity, (OECD, WHO 2003). One of the major problems with all forms 
of assessing risk is the quality and levels of uncertainty in much of the 
basic data (Macgill et al., 2001). 
 
1.3.4.8 Types of evidence 
 Data used in the assessment of risk is obtained from experimental 
work on animals or volunteers and from epidemiological investigations. 
These epidemiological investigations may be conducted during an 
outbreak investigation or be done as  part of planned research to 
investigate the causes and transmission of disease.  
The most abundant source of epidemiological data on waterborne disease 
comes from outbreaks investigation, and outbreaks provide very valuable 
data for the assessment of risk. Particularly, outbreaks can provide clear 
evidence that a specific pathogen can be spread by the water route. 
Outbreaks can also be the setting for epidemiological studies that provide 
useful information on what non-water-related factors affect risk of 
infection with the outbreak pathogen. (Andersson and Bohan, 2001), 
stated that outbreaks data have their limitations. Consequently 
information reliant only on outbreaks may not be applicable to the major 
proportion of waterborne diseases. Also, epidemiological investigations 
of water-related diseases may be biased by prior knowledge of cases and 
controls about the suspected cause of the outbreak, (Hunter, 2000).  
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Targeted epidemiological studies can provide good data on the 
relationship between specific water quality parameters and disease in a 
population. Such studies can identify relationships between risk factors 
for all waterborne disease and only that associated with outbreaks. 
Assessing of the quality of evidence is important yet rarely 
formally addressed in the assessment of risk, (Macgill et al., 2001). 
 
1.3.4.9 Epidemiological approaches to risk 
 Epidemiology is the study of the incidence and transmission of 
disease in population. Epidemiological investigations are central to the 
assessment of risk, (Blumenthal et al., 2001). 
 Epidemiology relies on a limited range of methods and approaches 
to define risk (Gordis, 2000), most epidemiological studies can be 
classified as descriptive, analytical, or intervention. 
 
1.3.4.10 Studies linking ill health to indicators 
 Studies that have attempted to define the burden of waterborne 
diseases have targeted gastrointestinal illness, as it is the most frequent 
and easy to measure adverse outcome associated with drinking water 
(Prüss et al., 2002). 
 The link between substandard drinking water and disease is 
relatively easy to demonstrate. Such a demonstration becomes more 
difficult to make as the quality of the water improves towards the current 
World Health Organization (WHO) Guidelines (WHO, 1993; 1996; 
1997). 
 
1.3.4.11 Quantitative microbial risk assessment (QMRA) 
 The QMRA approach to risk differs from epidemiological 
approaches in that the later seeks to measure actual levels of disease in 
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the population while the former attemps to calculate risk from what is 
known, or can be interfered, about the concentration of particular 
pathogens in the water supply and the infectivity of those pathogens to 
humans. The relative values of QMRA and epidemiology are strongly 
debated (Hass and Eisenberg, 2001). 
 
1.3.4.12 Qualitative risk assessment  
 Qualitative methods for analyzing microbial hazards and managing 
risks are commonplace within the food industry. They are applied as part 
of a systematic process including Hazard Analysis Critical Control Points 
(HACCP) (Coleman and Marks, 1999), which has recently been taken up 
by the water industry (Dewettinck et al., 2001; and Davison et al., 2002). 
 Compared to both epidemiological and quantitative microbial risk 
assessment, this approach does not seek to determine actual levels of 
disease associated with a supply. 
 
1.3.4.13 Water & Development: The Health Connection 
The poor are more susceptible to ill-health than are the well-off. 
They lack adequate supplies of safe water and safe methods of disposing 
of their wastes. Lack of water and sanitation create ideal conditions under 
which faecal oral diseases thrive. 
Study after study has shown that where a community improves its 
water supply, hygiene and/or sanitation then health improves. For 
example, diarrhea can be reduced by 26% when basic water, hygiene and 
sanitation are supplied. Yet statistics tell a terrible story. Forty percent of 
the world's 6 billion people have no acceptable means of sanitation, and 
more than 1 billion people draw their water from unsafe sources. 
The World Health Organization stated that diarheal diseases 
remain a leading cause of illness and death in the developing world. 
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Every year, about 2.2 million people die from diarrhoea; 90% of these 
deaths are among children, mostly in developing countries. A significant 
number of deaths are due to a single type of bacteria, Shigella, which 
causes dysentery or bloody diarrhea (WHO, 2003). It is readily controlled 
by improving hygiene, water supply and sanitation. Although no vaccine 
exists and antibiotics may be inaccessible to many people, an effective 
intervention is available. The simple act of washing hands with soap and 
water reduces Shigella and other types of diarrhea by up to 35%. 
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Chapter Two 
Materials and Methods 
 
2.1. The Study Area 
The study had been held in two areas (states) in Sudan; Unity State, 
in Southern Sudan, and Kassala State, in Eastern Sudan. 
2.1.1 Unity State, (Southern Sudan) 
2.1.1.1 Overview 
 Southern Sudan has an area of approximately 650,000 km2, border 
by Central African Republic, Chad, Democratic Republic of The Congo, 
Uganda, Kenya, and Ethiopia. It is divided into several ecological zones; 
rainforest, savannah forest, flood plains, swamp, and semi-desert. It is 
estimated population of 5.5 million is made up of many tribes. Before 
2005 Southern Sudan has a history of underdevelopment and conflict. 
Since independence was granted to Sudan in 1956, there had been almost 
continuous civil war. Millions of people had been killed, displaced, or are 
refugees. The prolonged conflict has created a chronic, complex 
emergency; no development, complete infra-structure failure, no essential 
education or health services, and administrative structure are minimal and 
few resources. 
 Although it was named Unity or El-wuhda state by the 
Government of Sudan in the early 90s in an administrative re-division of 
the south; it is still referred to as Western Upper Nile or Liech state by 
Sudanese People's Liberation Movement (SPLM), and many southern 
Sudanese. Western Upper Nile lies in central southern Sudan, (between 
28.5°— 31° E, and 7°— 10° N), with average elevation of (1294.4 ft,) 
and has an area of approximately 35956 square km.  The area expands 
from north of the Bahr el Ghazal river, bordering the Nuba Mountains, 
some 200 miles south to Ganyiel, with the Bahr el Jebel river bordering 
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the region on its eastern side and Bahr el Ghazal on its western side. (Fig. 
2.1).  
The records of Bentiue Water Station estimates that the total population 
of Unity state is 1.560.000 according to 2004 estimation. The majority of 
population are Nuer and some Dinka. 
 
 Fig. 2.1 The General Map of Unity State: 
 
 
Source: www.rightsmaps.com 
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2.1.1.2 Ecosystem  
 The ecosystem in Unity State  varies between savannah forest in 
the north, flood plains in the central part and swamps in the south. 
(Figs.2.2). 
2.1.1.3 Climate and Rain fall 
 According to the records of PETRONAS CARIGALI WHITE 
NILE LTD-Oil company operating in Unity state- weather records, taken 
at Rubkona Base Camp: 
i. Rain fall: 
The wet season starts on April of each year and ends in November. 
The peak of rainy season is during July, August and September. 
ii. Humidity: 
The higher percentage of humidity registered was 97% in August 
and September, reaches 9% as the lower humidity in March and 
February. 
iii. Temperature: 
The lower temperature registered was 8° C that was during 
January, and the higher temperature 48° C during August. 
iv. Wind speed: 
The lower wind speed was 2 knots in February and the higher wind 
speed was 104 knots registered in August. 
 
2.1.1.4 Water Resources 
 The Bahr el Ghazal, sudd, and sobat swamps in south Sudan 
represent major wetlands, from which evaporation is exceptionally high. 
According to an estimate from 1980, the extent of the sudd is over 12600 
km2, but the surface area fluctuates with rainfall, (FAO, 2003). 
Unity state almost covered by water surfaces; seasonal, shallow and deep 
water surfaces are among all the geographic area of the state (Fig2.3).     
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It can be divided into seasonal lakes, swamps, streams, and rivers. Bahr el 
Ghazal passes the state through west, crossing the middle areas towards 
it’s concur with Bahr el Jabal, which passes the state from south to north. 
 
Fig. 2.2  Swamps and Flood plains (central of unity state) 
 
 
Fig. 2.3  Bahr El.ghazal 
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2.1.1.5 The Field study 
 The study was conducted in different parts in Unity state; Adok, 
Mirmir, Rubkona, Nhyaldiue, and Bentiue. The survey took place in 
April— May 2004. 
 
2.1.1.6 Drinking water sources (Unity State) 
 Unity state is a rich area of natural resources, including water. 
Most  of population are considered as Farmers and animal’s owners. 
 Rivers, streams, and swamps are the main resources of drinking 
water(Fig.2.4), but no efficient administrative water treatment projects for 
human consumption, even drinking water safety at lowest standard levels. 
The inefficiency of the water treatment system might be justified by 
infrastructural failure, prolonged conflicts and obviously observed  
neglection from central governments. 
 
Fig. 2.4 Bahr El.ghazal River-side (Bentiue) 
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I. Bentiue 
• Water Station: With a proposed capacity of 800 m3; Bentiue 
water station offers a periodic supply for the town, (not 
enough supply). Water supply is limited because the pipe 
system in less in diameter to reach the far parts of town. 
• Bahr el Ghazal River: At the eastern part of Bentiue. 
• Water Streams: During rainy seasons, population face a 
serious problems due to flushing out the mid-town wastes. 
• Stagnant Pools: Are the natural reservoir for water during 
rainy season. 
• Swamps: Are the natural reservoir for water during dry 
seasons; people and animals use swamps for their water 
needs. 
II. Rubkona 
• Care Organization Water Station. 
• Lundin Oil Company Water station. (off-work). 
• Bahr el Ghazal; passes through the mid of town passing 
some residential areas. 
• Swamps. 
   III.  Adok 
• Bahr el Ghabal. 
• Swamp. 
• Wells 
IV.  Mirmir 
• Bahr el Ghazal 
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2.1.2. Kassala State, (Eastern Sudan) 
2.1.2.1 Overview 
Kassala State is located to the east of Sudan and borders 
Al.Gedaref State to the south, Khartoum State to the west, Red Sea State 
to the north and Eritrea to the east. Also bordering the state are the Taka 
and Red Sea mountains to the east and northeast respectively. The state 
covers an estimated area of 42,330 squire Km.  
The population of Kassala State  estimated at 1,584,000 in 2003, (Kassala 
State Report 22.7.03 OFFICE OF THE UN RESIDENT AND 
HUMANITARIAN COORDINATOR FOR THE SUDAN), is made up 
of many tribes. The population comprises of Hadandawa, Bani Amer, 
Amarar, Bisharein, Rashida and the Halanga tribes which co exist with 
northern tribes (particularly in Wagar), and the Fellata tribe emigrated 
from West Africa.  
Kassala state lies in central Eastern Sudan, (between 34°— 37.7° 
E, and 14.5°— 17° N), with average elevation of (1294.4 ft,). The state is 
divided into five provinces: Kassala, Al Gash, Nahr Atbara, Seteit and 
Hamshkoreib. The governor (wali) and his government are based in 
Kassala town, which is the state capital. Over the last thirty years Kassala 
state has acted as a catchment’s area for cross border migrants from 
Eritrea and Ethiopia for the internally displaced, refugees and seasonal 
migrants. The major activities of the people in the state depend mainly on 
the trade, livestock ownership and agriculture. 
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Fig. 2.5  The General Map of Kassala State: 
 
 
source: www.rightsmaps.com 
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2.1.1.2 Ecosystem 
  The ecosystem of Kassala state  varies between desert  and semi-
desert in the northern parts,  poor savannah in the southern parts of the 
state. 
2.1.1.3 Climate and Rain fall 
 According to the Annual report of General directorate of animal 
resources. Kassala state, (2005). 
i. Rain fall: 
 The annual rainfall ranges from 100 to 150 mm.. 
ii. Temperature: 
 The minimum and maximum annual temperatures are 33°C and 
47°C respectively. 
  
2.1.2.4 Water Resources 
 The Atbara River, is a highly seasonal river, with annual flow 
upstream of its confluence with the Nile of about 10 km3 restricted to the 
flood period July— October, the maximum occurring between August— 
September. The River has a steep slope and small catchments, and 
reflects the rainfall over upper catchments as runoff at Sudan border 
within one to two days. Atbara River is regarded as the only and last 
tributary joining the main Nile. 
 The Gash, actually it is a transponder seasonal stream; reflecting 
rainfall upon the Ethiopian-Eritrean highlands.  
Kassala state depends upon rainy seasons and underground water, 
seasonal water streams is the solo source of drinking water at those areas 
which lies beyond the reach of water pipe systems; including nomads and 
border-towns populations. 
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2.1.2.5 The Field study 
The study was conducted in different parts in Kassala state; 
Kassala, Aris (El-Âbaar), Akala, and Aroma. The survey took place in 
January— February 2005. 
2.1.2.6 Drinking water sources 
 Kassala state is a poor area of natural resources including water. 
Most of population are considered as nomads, and animal’s owners, 
because of lack of drinking water at dry seasons; the main animal 
population in the state is Camel Camillus dromadaris. 
 Seasonal rivers, Rain streams, and some wells, are the main 
sources of drinking water. 
I. Kassala Town 
• National Water Corporation’s projects, water pipe system, 
although it faced some troubles from time to time; due to 
high levels of ground water during rainfall and floods. 
Ground water  affected by sewage and waste water, cause of 
shallow depth of pit latrines and absence of  sewage systems; 
leading to ground water pollution. 
II. Aris (El-Âbaar) 
• Shallow wells (Âbaar), (Fig. 2.6) 
• Passing water pipes 
• Rain  and Gash flood waters 
III. Akala 
• Passing water pipes, (Fig. 2.7) 
• Rain-water pools 
IV. Aroma 
• Water pipe system 
• Wells 
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Fig. 2.6 Shallow well (Aris – Kassala State) 
                                                                                       
 
 
 
 
Fig. 2.7 A Passing water-pipe in pool –Hafir- (Akala – Kassala State) 
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2.1.2.7 Water & Sanitation 
The proportion of population with access to improved water source 
is 59.6%.The main sources of water in Kassala are boreholes, shallow 
wells as well as the rivers Gash and Atbara.  
In the last  years, water supply has been affected by the low rainfall and 
river flow. Those who rely on open dug wells and hafirs have been 
adversely affected. Consequently, there has been a strong migratory 
movement towards urban areas, particularly by women and children. In 
some areas, the cost of water constitutes more than 50% of a household’s 
income. The selling of livestock is the only means available to obtain 
money to pay for water. (Table 2.1.) shows the population served by 
improved water sources in Kassala State.   
 
Table 2.1.  Proportion of Population using improved water sources in 
Kassala State  
 
Main Source Percentage 
Protected spring 1 
Tube well/borehole with pump 6 
Rain water collection 9 
Pipe in yard or plot 16 
Protected dug well 19 
Public tap 19 
Pipe into dwelling 30 
Total 100 
 
Source: UNICEF MICS, 2000  
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2.2  The Survey 
 The survey was conducted in different areas in Unity state; 
(Bentiue, Rubkona, Mirmir, and Adok), and Kassala state; (Kassala, 
Aroma, Aris, and Akala). The survey took place in the period of April 
2004 to April 2005. 
 
2.2.1  Clinical Data 
 Clinics reports from the CDHAP- WNPOC and Non-Governmental 
Organizations in areas where the study had been held at, were reviewed 
and mentioned with a special reference for diarrhoeal diseases. The ratio 
of morbidity  rates were studied and analyzed using a computer statistical 
programs. 
 
2.2.2  Secondary data, Interviews, and questionnaires 
 Secondary data Interviews, and questionnaires with key informants 
were used as background information to the research. Secondary data 
included published literature on drinking water hygiene related topics.  
Clinics reports and records were highly considered as a good source of 
information regarding the population and health problems in mentioned 
areas. Interviews were conducted  mostly with educated people in 
mentioned areas, during which the traditions and habits in these areas 
were considered. 
 
2.2.3 Water Sources and Samples 
 The survey covered only the main sources of drinking water at the 
mentioned two states areas. The samples were collected then investigated 
for bacterial contamination if any. Table 2.2. shows the numbers and 
sources of samples. 
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2.2.4  Sampling and sample preparation  
 Forty five water Samples from Unity State (25 samples), and 
Kassala State (20 samples), were collected in sterile (100 ml) glass bottles 
bacteriological tests, procedures of sampling were different according to 
the water source; (Surface water, open well, tube well, or from a tap), 
contamination of samples was avoided by immediate transfer of samples 
to dark storage conditions and kept at temperature between 2º-8° C. by 
using ice packs and digital thermometer to adopt the desired temperature 
for transport to the laboratory. 
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Table 2.2. Numbers and Sources of  Samples: 
 
Sample № Sample  Source 
1 Mir mir Point ONE River - (Unity State) 
2 Mir mir Point TWO River    - (Unity State) 
3 Mir mir Point THREE River    - (Unity State) 
4 Adok Well    - (Unity State) 
5 Adok River Gallon    - (Unity State) 
6 Adok Swamp    - (Unity State) 
7 Adok River    - (Unity State) 
8 Bentiu Water Station    - (Unity State) 
9 Bentiu Water Station   - (Unity State) 
10 Bentiu River Beach   - (Unity State) 
11 Bentiu River Midst   - (Unity State) 
12 Rubkona – Swamp  - (Unity State) 
13 Rubkona- River *Madaris 1*   - (Unity State) 
14 Rubkona- River *Madaris 2*    - (Unity State) 
15 Rubkona- Water Station    - (Unity State) 
16 Rubkoba- kart- Barrel 1  - (Unity State) 
17 Rubkona- kart- Barrel 2   - (Unity State) 
18 Bentiu- House 1  - (Unity State) 
19 Bentiu- House 2   - (Unity State) 
20 Bentiu- House 3  - (Unity State) 
21 Rubkona- House 1  - (Unity State) 
22 Rubkona- House 2  - (Unity State) 
23 Rubkona- House 3  - (Unity State) 
24 Adok- House  - (Unity State) 
25 Mir mir- House 1  - (Unity State) 
26 Mawaseer- Swamp -(Kassala State) 
27 Mawaseer- Pipe -(Kassala State) 
28 Mawaseer- reservoir -(Kassala State) 
29 Aris- Well 1 -(Kassala State) 
30 Aris- Well 2 -(Kassala State) 
31 Akala- Swamp -(Kassala State) 
32 Akala- Swamp -(Kassala State) 
33 Akala- pipe -(Kassala State) 
34 Aroma- House 1 -(Kassala State) 
35 Aroma- House 2 -(Kassala State) 
36 Aroma- Pipe 1 -(Kassala State) 
37 Aroma- Pipe 2 -(Kassala State) 
38 Way Kassala to Aroma- pipe -(Kassala State) 
39 Way to Aroma- pipe+ swamp -(Kassala State) 
40 Kassala- Pipe 1 -(Kassala State) 
41 Kassala- Pipe 2 -(Kassala State) 
42 Kassala- House 1 -(Kassala State) 
43 Kassala House 2 -(Kassala State) 
44 Kassala - House 3 -(Kassala State) 
45 Kassala- Sabeel -(Kassala State) 
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2.3  Methods used to determine Bacterial contamination of Water 
 The bacterial examination of water has been standardized into three 
tests. The first, or presumptive test, is a screening test to sample water for 
the presence of coliform organisms. A series of lactose fermentation 
tubes were inoculated with the water sample. If the presumptive test is 
negative, no further testing was performed, and the water source was 
considered microbiologically safe. If, any tube in the series had shown 
acid and gas, the water was considered unsafe and the confirmed test was 
performed on the tube displaying a positive reaction. The presumptive 
test was also designed to estimate the concentration of coliform 
organisms, called the most probably number (MPN) in the water sample. 
The confirmed test was a second screening procedure in which a gram-
negative selective medium was used (EMB). This also allowed for the 
differentiation of coliform (producing a green metallic sheen) 
from non-coliform colonies. The completed test was performed on a 
typical, well-isolated colony to reaffirm gas production in lactose, and to 
determine the morphology and gram reaction of the isolate. 
 
2.3.1  Bacteriological Examination of Water  
Procedure 1 
Presumptive Test and MPN 
 Each group composed of: 
? 3 triple strength lactose tubes (Mc Conkey broth) 
? 6 regular strength lactose tubes (Mc Conkey broth) 
? Sterile water collection bottles for community sampling (or 
“doped” water samples) 
? 10 ml and 1 ml sterile pipettes. 
1. Approximately 50 ml of water were Collected to be tested (from pools, 
streams, wells, etc…). The source and date of sampling were recorded. 
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2. Water sample to be tested was Vigorously shaked by moving it 25 
times through a 12- inch arch. 
3. 10 ml of the sample transferred into each of the three, triple strength 
lactose tubes. Aseptic technique was used in the water inoculations and 
tubes were labeled with the amount of water sample tested. 
4. 1 ml of the sample transferred into each of three regular strength 
lactose tubes. The same pipette were used, 0.1 ml transferred to each of 
the three remaining regular strength lactose tubes. 
5. All tubes incubated at 37º C. until the next laboratory session. 
 
Procedure 2 
Confirmed Test 
1. The tubes from the presumptive test were examined and determined if 
any has produced an acid/gas reaction. If so, this had been determined as 
a positive presumptive test. If no gas is present in any of the Durham 
tubes, this had been determined as a negative presumptive test. 
2. The number of tubes positive for acid/gas in each of the three volume 
categories, were determined. 
The MPN of water sample was determined comparing these numbers to 
the MPN Determination chart (Table 2.7). The table for the presumptive 
was completed. 
3. From any tube showed 10% gas production or more, one loopful of the 
broth inoculated onto an EMB plate using the isolation streaking 
technique. The plate was incubated at 37º C. until the next laboratory 
session. 
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Procedure 3 
Completed Test 
1.The plate was carefully examined, looking for well-isolated coliform 
colonies. Typically, E. coli colonies appeared with a metallic green sheen 
on EMB. From one of these colonies, the test was completed by 
inoculating a lactose fermentation tube and a NA slant. They were 
incubate at 37º C. until the next laboratory session. 
2. After this incubation, the lactose tube was checked for acid and gas 
production. If no gas is present, this is a negative completed test. Gram 
stain was prepared from the NA slant. If the organism is a non-spore 
producing Gram negative rod and the lactose broth shows an acid/gas 
reaction, this is a positive completed test. Then results were recorded  in 
the table. Include a drawing of the Gram stain. 
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Table 2.3   MPN Determination from Multiple Tube Test Chart 
 
Number of tubes giving positive 
reaction out of 
 
 
95% Confidence Limits 
 
 
3 of 10 ml 
each 
3 of 1 ml 
each 
3 of 0.1 ml 
each 
 
 
 
MPN Index 
per 100 ml 
 
Lower 
 
 
Upper 
 
0 0 0 <3 <0.5  
0 0 1 3 <0.5 9 
0 1 0 3 <0.5 13 
1 0 0 4 <0.5 20 
1 0 1 7 1 21 
1 1 0 7 1 23 
1 1 1 11 3 36 
1 2 0 11 3 36 
2 0 0 9 1 36 
2 0 1 14 3 37 
2 1 0 15 3 44 
2 1 1 20 7 89 
2 2 0 21 4 47 
2 2 1 28 10 150 
3 0 0 23 4 120 
3 0 1 39 7 130 
3 0 2 64 15 380 
3 1 0 43 7 210 
3 1 1 75 14 230 
3 1 2 120 30 380 
3 2 0 93 15 380 
3 2 1 150 30 440 
3 2 2 210 35 470 
3 3 0 240 36 1,300 
3 3 1 460 71 2,400 
3 3 2 1,100 150 4,800 
3 3 3 >2,400   
 
Sources: Standard methods for the Examination of water and wastewater, 13th & 12th  
Edition New York. American Public Health Association, (1971) & (1969, p. 608.) 
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2.4 Laboratory Methods used for Bacteria Identification 
Aerobic cultivation and purification swabs from the positive tubes 
were streaked in blood agar media and MacConkey media. The plates 
were incubated at 37° C. for 24 hours. For purification; well isolated 
colonies were subcultured on either blood agar or nutrient agar plates, 
incubated for 24 hours at  37° C.  Cultural and biological characteristics 
were studied. 
 
2.4.1  Sterilization 
a- Flaming: 
It was used to sterilize   glass slides, cover slips, needles and 
scalps. 
b- Red heat: 
It was used to sterile loop wires. 
c- Hot air oven: 
It was used to sterilize glassware such as test tubes, graded 
pipettes, flasks, forceps and cotton cabs. The holding period was 
one hour and oven temperature was  180º C. 
d- Steaming at 100º C: 
Repeated steaming (Tyndallization) was used for sterilization of 
sugars and media that that could not be autoclaved without 
determent effect to their constituents. It was carried out as 
described by Cruckshank et al. (1975). 
e- Moist heat (autoclave): 
Autoclaving at 121º C (151b/inch2) for 15 minutes was used for 
sterilization of media and plastic wares. 
Autoclaving at  151º C (101b/inch2) for 10 minutes was used for 
sterilization of some media. 
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2.4.2  Reagents 
2.4.2.1 Alpha-naphthol solution 
Alpha-naphthol is a product of British Drug House, London 
(BDH). This reagents was prepared as 5% aqueous solution for 
Voges Proskauer (VP) test. 
 
2.4.2.2 Potassium hydroxide 
 It was used for Voges Proskauer test, and was prepared according 
to Barrow and Feltham (1993) as 4% aqueous solution. 
 
2.4.2.3  Hydrogen pyroxide 
 This reagent was obtained from Agropharm limited, Buckingham. 
It was prepared as 3% aqueous solution and it was used for catalase test. 
 
2.4.2.4 Methyl red 
 It was prepared by dissolving methyl red (0.04 g) in ethanol (40 
ml). The volume was made to 100 ml with distiller water. It was used for 
methyl red test (MR). 
 
2.4.2.5 Kovac’s reagent 
 This reagent composed of 5g para-dimethylaminobenzaldehyde, 
75ml amyl alcohol and 25ml concentrated hydrochloride acid. It was 
prepared as described by Barrow and Feltham (1993) by dissolving the 
aldehyde in alcohol by heating in water bath, it was then cooled and the 
acid was added. 
 The reagent was stored at 4º C. for later use in indole test. 
 
 
 
 54
2.4.3  Indicators 
2.4.3.1 Anderade’s indicator 
 It composed of acidic fuchin 5g, distilled water 1L, and N-NaOH 
150ml. The acidic fuchin was dissolved in distilled water, then the alkali 
solution was added, mixed and allowed to stand at room temperature for 
24h with frequent shaking until the colour changed from red to brown. 
 
2.4.3.2  Bromothymol blue 
 It was obtained from BDH. The solution was prepared by 
dissolving 0.2g of the bromothymol blue powder in 100 ml distilled 
water. 
 
2.4.3.3 Lead acetate paper to detect H2S 
 It was prepared according to Cheesburgh Monica (2000), by 
soaking strips of filter paper (50 X 5-10 mm) in  a 50g/L (5% w/v) 
solution of lead acetate (tri-hydrate), and allowing them to dry. The dried 
strips have been stored in an air-tight container. 
 
2.4.3.4  Phenol red 
 It was obtained from Hopkins and William Ltd. London. It was 
prepared as 0.2% aqueous solution. 
 
2.4.3.5  pH testing papers 
 It was obtained from BDH chemicals Ltd. the ranges included pH 
4-6 (NR 4-6), pH 6-8 (NR 6-8), and pH 8-10 (NR 8-10). 
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2.4.4  Preparation of media 
2.4.4.1 Glucose-Phosphate Medium (MR-VP Test medium) 
 This medium was prepared according to Barrow and Feltham 
(1993). Peptone 5g and 5g powder buffer solution were added to 1 liter of 
distilled water, dissolved by steaming till completely dissolved, filtered 
and PH was adjusted to 7.5. Then 5g of glucose were added, mixed well, 
distributed into clean test tubes and sterilized by autoclaving at 115º C for 
15 minutes. 
  
2.4.4.2 Blood agar 
 Forty grams of blood agar base № 2 (Oxoid) were suspended in 
900 ml of distilled water, dissolved by boiling, mixed and sterilized by 
autoclaving at 121º C for 15 minutes. Then cooled to about 50º C, 
defibrinated sheep blood was added aseptically to give final concentration 
10%, mixed gently and 15 ml of complete medium was poured into each 
sterile Petri-dish. The poured plates were allowed to solidify at room 
temperature on flat surface. 
 
2.4.4.3 Collection of blood for enriched media 
Blood for enriched media was collected aseptically into sterile 
flask containing glass beads by veino puncture of the jugular vein of 
healthy sheep kept for this purpose. The blood was defibrinated by 
shaking the sterile flask containing glass bead while and after collection. 
 
2.4.4.4 Glucose-Phosphate Medium (MR-VP test medium) 
 This medium was prepared according to Barrow and Feltham 
(1993). Peptone 5g and 5g powder buffer solution were added to 1 liter of 
distilled water, dissolved by steaming till dissolved completely, filtered 
and pH was adjusted to 7.5 then 5g of glucose were added, mixed well, 
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distributed into clean test tubes and sterilized by autoclaving at 115º C for 
15 minutes. 
 
2.4.4.5 Koser Citrate Medium 
 This media was obtained from Oxoid Ltd. and used for Citrate 
Utilization Test.. 0.52g were added to 1 liter of distilled water, dissolved 
by steaming till completely dissolved, filtered and PH was adjusted to 7.5. 
Then distributed in 3ml amounts is small screw-cap tubes  and sterilized 
by autoclaving (with caps loosened) at 115º C for 15 minutes. 
 
2.4.4.6 MacConkey agar 
 Fifty two grams of MacConkey agar (Oxoid) were suspended in 
one liter of distilled water, brought to boil to dissolve the ingredients 
completely, then sterilized by autoclaving at 121º C for 15 minutes and 
poured into sterile Petri dishes in 15 ml amount. The poured plates were 
left to solidify at room temperature on flat surface. 
 
2.4.4.7 Motility medium- Craigi tube medium 
 Thirteen grams of dehydrated nutrient broth (Oxoid) were added to 
5g of Oxoid agar № 1 and dissolved in one liter of distilled water. The PH 
was adjusted to 7.4. This medium was dispended in volume of 5 ml into 
20 ml test tubes containing the appropriate Craigie tubes, then the 
medium in the test tubes were sterilized by autoclaving at 121º C for 15 
minutes. 
 
2.4.4.8 Nutrient agar 
 To one liter of nutrient agar (Oxoid), 15g of agar were added 
dissolved by boiling, sterilizing at autoclaving at 121º C for 15 minutes. 
Then cooled to about 50º C. and distributed in 15ml amount per sterile 
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Petri dish plate. The poured plates were left to solidify at room 
temperature. 
 
2.4.4.9 Hugh and Leifson’s (O/F) medium 
 This medium was prepared as described by Barrow and Feltham 
(1993). Two grams of peptone powder, five grams of sodium chloride, 
0.3g of potassium hypophosphate and three grams of agar were added to 
one liter of distilled water. Then heated in water bath at 50º C to dissolve 
the solids. The pH  was adjusted to 7.1 and filtered. Then the indicator 
bromothymol blue (0.2% aqueous solution) was added and the mixture 
was sterilized at 115º C for 15 minutes. Filtered sterile glucose solution 
was added aseptically to give final concentration of 1%. Then the 
medium was mixed and distributed aseptically in 10 ml amount into 
sterile test tubes of no more than 16 mm diameter. 
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2.5 Culture of specimens 
 A loopful of broth from every positive sample’s tubes were 
inoculated onto blood agar medium. The inoculated plates were then 
incubated for 24-48 hours at 37º C.  After the inoculation period the 
colonies characteristic were observed and smears were made from each 
type of colony, dried in the air, then fixed by heating, stained by Gram’s 
method and examined under light microscope for cell morphology and 
staining reaction. 
 
2.6 Purification 
 All bacteria isolated were purified by several sub-culturing from 
single well-separated colony. The purity of the culture was checked by 
examining Gram stained smear. The pure culture was then used for 
studying cultural and biochemical characteristics of the isolates. 
 
2.7 Microscopic Examination 
 Smears were made from each type of colony on primary culture 
and from purified colonies, fixed by heating and stained by Gram method 
(Barrow and Feltham, 1993). Then examined microscopically under high 
power. The smear was examined for cell morphology and staining 
reaction. 
 
2.8 Identification of bacteria 
 The purified isolated were identified according to the criteria 
described by Barrow and Feltham (1993). This included staining reaction, 
organism morphology, growth condition, the colony characteristics on 
different media, motility and biochemical characteristics. 
 
 
 59
2.9 Biochemical methods 
2.9.1 Catalase test 
The test was carried out as described by Barrow and Feltham 
(1993).  A drop of 3% H2O2 was placed on clean slide and a colony of 
tested culture on nutrient agar was picked by a glass rod and added to the 
drop of 3% H2O2. A positive reaction was indicated by production of air 
bubbles. 
 
2.9.2 Citrate Utilization test 
 The test was carried out as described by Barrow an Feltham 
(1993). A sterile straight wire loop was used to inoculate 3-4 ml of sterile 
Koser’s citrate medium with a broth culture of tested organism. The 
inoculated broth had been incubated at 37º C. for up to five days, checked 
daily for turbidity (or blue colour), which considered as positive reaction. 
 
2.9.3 Hydrogen Sulphide (H2S) Production 
 The method of Cheesburgh Monica (2000), was used. A tube of 
sterile nutrient broth was inoculated with the tested organism, then lead 
acetate paper strip was insert in the neck of the tube above the medium 
and stopper well. The inoculated medium incubated at 37º C., and 
examined daily for a blackening of the lower part of the strip, which 
considered as a positive reaction, so as the organism considered as H2S 
producing organism. 
 
2.9.4 Oxidase test 
 The method of Barrow and Feltham (1993) was used. Strip of filter 
paper was soaked in 1% solution of tetra methyl-p-phenylene diamine 
dihydrochloride and dried in hot-air oven and then placed on clean glass 
slide by sterile forceps. A fresh young tested culture on nutrient agar was 
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picked off with sterile glass rod and robed on the filter paper strip. If a 
purple colour developed within 5-10 seconds, the reaction was considered 
positive. 
 
2.9.5 Oxidation-fermentation test 
 The test was carried out as described by Barrow and Feltham 
(1993). The tested organism was inoculated by stabbing with straight 
wire into duplication of test tubes of Hugh and Leifson’s medium. To one 
of the test tube a layer of melted soft paraffin oil was added to the 
medium to seal it from air. Both inoculated tubes were incubated at 37º C. 
and examined daily for fourteen days. Yellow colour in open tube only 
indicated oxidation of glucose; yellow colour in both tubes showed 
fermentation reaction and blue or green colour in open tube and yellow 
colour in sealed tube indicated production of alkali. 
 
2.9.6 Sugar fermentation test 
 The test was carried out as described  by Barrow and Feltham 
(1993). The peptone water sugar inoculated with organism under the test, 
incubated at 37º C. and then examined daily for several days. Acid 
production was indicated by appearance of reddish colour, while gas 
production was indicated by presence of empty space in the inverted 
Durham’s tubes. 
 
2.9.7 Indole production test 
 Indole production test was carried out as described by Barrow and 
Feltham (1993). The tested organism was inoculated into peptone water 
and incubated at 37º C. for 48 hrs. one milliliter of the Kovac’s  reagent 
was run down along side of the test tube. Appearance of pink colour in 
the reagent layer within a minute indicated positive reaction. 
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2.9.8 Methyl red (MR) test 
 Methyl red test was carried out as described by Barrow and 
Feltham (1993). The tested organism was inoculated into glucose 
phosphate medium (MR-VP medium) then incubated at 37º C. for 48 hrs. 
two drops methyl red reagent were added, shaken well and examined. 
Appearance of red colour indicated positive reaction, whereas orange or 
yellow colour indicated negative reaction. 
 
2.9.9 Voges-Proskauer (VP) test 
 The test was performed as described by Barrow and Feltham 
(1993). The tested organism was inoculated into glucose phosphate 
medium (MR-VP medium) then incubated at 37º C. for 48 hrs., Three 
milliliter of 5% alpha-naphthol solution and one milliliter of 40% 
potassium hydroxide were added. When bright pink colour developed 
within 30 minutes, the reaction was regarded as positive. 
 
2.9.10 Urease test 
 The slant surface of urea agar medium was streaked with the test 
cultures and incubated at 37º C. for 24-48 hrs., the development of a pink 
colour was indicative of production of NH3. Negative and weak tests 
were left for a week before taking results. 
 
2.9.11 Motility test 
 The Craigi tube in semi-solid nutrient agar prepared as described 
by Cruickshank et al, (1975) was inoculated by straight wire. A small 
piece of the colony of the bacterium under test was picked by the end of 
the straight wire and stabbed in the center of semi-solid agar in the Craigi 
tube and then incubated at 37º C. overnight. The organism was 
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considered motile if there was turbidity in the medium in/ outside the 
Craigi tube. 
 
2.10 Clinical Data 
 Clinics reports from the CDHAP- WNPOC and Non-Governmental 
Organizations in areas, which rest of study had been held there, were 
reviewed and mentioned with a special reference for diarrhoeal diseases. 
The ratio of these diarrhoeal diseases incidence, morbidity and mortality 
rates were studied and analyzed using a computerized statistical program 
(SPSS). 
 
2.11  Secondary data, Interviews, and questionnaires 
 Secondary data Interviews, and questionnaires with key informants 
were used as background information to the research. Secondary data 
included published literature on drinking water hygiene related topics.  
Clinics reports and records were highly considered as a good source of 
information regarding the population and health problems in mentioned 
areas. Interviews were conducted  mostly with educated people in 
mentioned areas, during which the traditions and habits in these areas 
were considered. 
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Chapter Three 
Results 
 
3.1 MPN Determination 
Forty samples out of the all 45 of the study have shown positive 
reaction, considered unsafe to be used as drinking water, Table (3.1) 
detailed MPN determination of samples. All 25 samples of Unity State 
showed positive reaction when tested using MPN Technique, while 15 
samples out of 20 samples of Kassala State showed positive 
reaction.(Table 3.2). 
 
3.2  Physical Appearance of Samples 
3.2.1 Turbidity 
 Sixteen samples out of the total 45 samples have shown positive 
turbidity, so the percentage of turbid sources was 35.5%. Table 3.3 stated 
the relationship between contamination of Water according to MPN 
standard and Turbidity in Unity and Kassala State. 
 Rate for turbid samples from Unity State was 10 samples out 25 samples, 
showed percentage of 40%. The rate for Kassala State was 6 out of 20 
samples, with a percentage of 30%. Figure 3.1 shows the presence of 
turbidity in mentioned two states samples. 
 
3.2.2 Colour 
 Eighteen samples out of the total 45 samples have shown colour, in 
a percentage of 40%. Table 3.4. stated the relationship between 
contamination of Water according to MPN standard and appearance of 
colour in Unity and Kassala State. 
  Rate for coloured samples from Unity State was 12 samples out of 25 
samples (48%), while it was 6 coloured samples out of 20 sample for 
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Kassala State (30%). Figure (3.2) shows the presence of colour in 
mentioned two states samples. 
 
3.2.3  Flow 
 Seven samples out of the total 45 samples have been taken from a 
source with flow, in a percentage of 15.5%.  
  Rate of with flow source samples from Unity State was 7 samples out of 
25 samples (28%), while it was zero with flow source samples  for 
Kassala State. Figure 3.3 stated the presence of  flow of  water source  in 
Unity and Kassala State. 
All not contaminated water sources are with no flow, so it could be 
clearly observed the relationship between water contamination according 
to MPN standard and flow, (Figure 3.4). 
 
3.2.4  pH 
 Twenty four samples out of the total 45 samples have shown pH 
out of  normal range, in a percentage of 53.3%. Fig. 3.5. stated the 
relationship between contamination of Water according to MPN standard 
and the pH  of  water source  in Unity and Kassala State. 
  Rate of samples with abnormal pH from Unity State was 18 samples out 
of 25 samples (72%), while it was 6 samples out of 20  for Kassala State 
(30%).  
 
3.2.5  Water Treatment 
 Twenty five samples out of the total 45 samples were from 
untreated water sources, in a percentage of 55.5%. Table (3.5) stated the 
relationship between contamination of water according to MPN standard 
and water treatment  in Unity and Kassala State. 
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Rate of sampling from untreated water sources in Unity State was 18 
samples out of 25 samples (72%), while it was 7 samples out of 20  for 
Kassala State (35%). Figure 3.6. shows the presence of water treatment in 
Unity and Kassala States. 
 
3.3  Bacterial Isolates 
 The total number of bacteria isolated was 243 isolates, presenting 
12 genera of Enterobacteriaceae.  177 isolates were from Unity State 
samples and 66 were from Kassala States samples (Table 3.6).  
Figure (3.7), and Figure (3.8), shows the percentage of bacteria isolated 
for Unity State, Kassala State, and Figure (3.9)  shows the percentage 
of  summation of all isolates for both states. 
 
3.4  Clinical Data Analysis 
  3.4.1  Records of Bentiu & Rubkona: 
 
 According to the records, the two greatest health providers in Unity 
State are Care International in Sudan in addition to MSF-F. So from the 
start of the year 2004 the four clinics of Care were put to full services. 
The clinics provide medical services against the common endemic and 
epidemic diseases, such diseases includes: Malaria, A.R.I, Diarrhea, Eye 
infection, Bilharzias, UTI, and others. 
 During the 1st quarter of the year 2004; there were 23.839 disease 
episodes presented to pre-mentioned clinics compared to 25.106 episodes 
attended during the same time last year. Out of that figure 14.300 were 
females and 9.539 were males. This fact shows high vulnerability of the 
females, 34.87% of the total were children under five years old. This 
figure by far exceeds the normal trend if calculating the normal growth 
rate which put the <5 years group to be about 17%. 
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The morbidity data from the clinics is dominated by the main three 
killing diseases of the Sudan namely, Malaria which represents 34.75% of 
the caseload seen at the OPD of the clinics. Followed by the ARI that 
represents 18.71% and both with watery and bloody diarrhea, which 
represents almost 15%. Table (3.7) shows a significantly high morbidity 
among children below five years; out of 8285 Malaria cases 2529 were 
children < 5 years representing (30.5%). Out of 4460 ARI episodes 2305 
were children below five years representing (51.7%). Out of  watery and 
bloody diarrhea episodes 1179 were children below five years 
representing (33.6%). 
Also Table (3.8) which shows the morbidity data in Bentiu and 
Rubkona for the year 2003, is dominated by Malaria, ARI, and Diarrhoeal 
diseases. By interpreting diseases morbidity with special Reference to 
diarrhoeal disease we find out the percentages as follows: 
1st  quarter of 2003:  
Malaria: 8094 episodes out of 40588, (19.9% ). 
ARI :     5375 episodes out of  40588  (13.2% ). 
Diarrhoeal Dis.:  3507 episodes out of  40588  (8.7% ). 
 
2nd  quarter of 2003: 
Malaria: 9446 episodes out of 26522 (35.6% ). 
ARI :  5113   episodes out of  26522  (19.5% ). 
Diarrhoeal Dis.: 4446 episodes out of  26522  (16.8% ) 
3rd quarter of 2003: 
Malaria: 7960 episodes out of 28059 (28.3% ). 
ARI :  3370   episodes out of  28059 (12% ). 
Diarrhoeal Dis.: 1671 episodes out  of 28059 (5.6% ). 
4th  quarter of 2003: 
Malaria: 6699 episodes out of 36110  (18.5% ). 
ARI :  4768  episodes out of 36110   (13.3% ). 
Diarrhoeal Dis.: 3442 episodes out  of 36110 (9.5% ). 
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  3.4.2  Records of Mir mir 
 
  The main health provider in Mir mir is Petronas Carigali White 
Nile LTD. Community Development & Humanitarian Assistance 
Program, with a well-equipped clinic and trained medical staff. 
 Table (3.9.) and table (3.10.) show the morbidity data in Mir mir 
for November and December 2003. Both tables dominated by Malaria, 
Bilharzias, and Diarrhoeal diseases. The three dominant diseases are 
considered as water-borne diseases, the thing which reflecting the 
absence of water hygiene services. 
 
3.4.3  Records of Adok 
 The main health provider in Adok is Petronas Carigali White 
Nile LTD. Community Development & Humanitarian Assistance 
Program, with a well-equipped clinic and trained medical staff. 
Table (3.11) shows the morbidity data in Adok for March 2004. 
 
3.4.2  Records of Kassala State 
 It couldn’t be possible for this research to be provided with any 
hospital records regarding disease morbidity in the state, that was 
forbidden by the State’s Ministry of Health; but as far as the investigator 
realized that there are a considerable amount of objections by people 
regarding the water supply and hygiene. 
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3.5  Interviews and Questionnaires 
 Targeted groups in the study were asked 11 main questions either 
by direct questionnaire or by interview. The majority of questionnaires 
were held with people around water sources who came there to have their 
water needs. 
Questions and answers detailed in Table (3.12). 
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Table 3.1  Number of  Positive Tubes and MPN Determination 
 
 
Number of tubes giving positive reaction out of 
 
 
Sample №. 
10 ml tubes 1.0 ml tubes 0.1 ml tubes 
 
MPN 
 
1 3 3 3 > 2.400 
2 3 3 3 > 2.400 
3 3 3 3 > 2.400 
4 3 3 3 > 2.400 
5 3 3 3 > 2.400 
6 3 3 3 > 2.400 
7 3 3 3 > 2.400 
8 3 1 1 75 
9 3 1 1 75 
10 3 3 3 > 2.400 
11 3 3 2 1,100 
12 3 3 3 > 2.400 
13 3 3 3 > 2.400 
14 3 3 3 > 2.400 
15 2 1 0 15 
16 3 2 2 210 
17 3 3 2 1,100 
18 3 3 3 > 2.400 
19 3 1 1 75 
20 3 2 1 150 
21 3 3 2 1,100 
22 3 3 3 > 2.400 
23 3 2 1 150 
24 3 2 0 93 
25 2 1 0 15 
26 3 3 1 460 
27 0 0 0 <3 
28 3 2 2 210 
29 3 3 2 1,100 
30 3 1 1 75 
31 3 3 3 > 2.400 
32 3 3 3 > 2.400 
33 2 1 1 20 
34 1 1 0 7 
35 2 1 0 15 
36 0 0 0 <3 
37 0 0 0 <3 
38 3 1 1 75 
39 3 2 1 150 
40 2 1 1 20 
41 0 0 0 <3 
42 1 1 0 7 
43 0 0 0 <3 
44 2 1 0 15 
45 3 2 2 210 
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Table 3.2  The percentage of contamination of the water according to 
MPN standard in Unity and Kassala State 
 
 
 
Area 
 
 
Total No. of 
Samples 
examined 
MPN 
 
Positive                          Negative 
 
 
Unity State 
 
Kassala State 
 
 
25 
 
20 
 
        55.56%                                  ―          
 
33.33%                          11.11% 
 
Over all total 
 
45 
 
88.89%                           11.11% 
 
MPN 
Chi-square (χ2) = 7.031     P-value = 0.008 (P < 0.01, highly significant) 
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Table 3.3  The relationship between contaminations of water 
according to MPN standard and turbidity in Unity and Kassala State 
 
 
 
 
MPN 
 
 
Total No. of 
Samples 
examined 
Turbidity 
 
Positive                          Negative 
 
 
Positive 
 
Negative 
 
 
35.56%                           31.11% 
 
―                                  11.11% 
 
Over all total 
 
 
 
45 
 
40.00%                          60.00% 
 
MPN 
Chi-square (χ2) = 3.103     P-value = 0.078 (P > 0.05, not significant) 
 
 
 
Figure 3.1 The Presence of Turbidity in Unity and Kassala State 
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Chi-square (χ2) = 0.485     P-value = 0.486 (P > 0.05, not significant) 
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Table 3.4  The relationship between contaminations of water 
according to MPN standard and colour in Unity and Kassala State 
 
 
 
 
MPN 
 
 
Total № of 
Samples 
examined 
Colour 
 
Positive                          Negative 
 
 
Positive 
 
Negative 
 
 
40.00%                           48.89% 
 
     ―                                11.11% 
 
Over all total 
 
 
 
45 
 
40.00%                           60.00% 
 
MPN 
Chi-square (χ2) = 3.75     P-value = 0.053 (P > 0.05, not significant) 
 
 
 
Figure 3.2  The Presence of Colour in water in Unity and Kassala 
State 
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Chi-square (χ2) = 1.500     P-value = 0.221 (P > 0.05, not significant) 
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Figure 3.3  The presence of the flow of water in Unity and Kassala 
State 
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     Chi-square (χ2) = 6.632     P-value = 0.010 (P < 0.05, significant) 
 
 
Figure 3.4  the relationship between contamination of water 
according to MPN standard and flow in Unity and Kassala State 
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  MPN 
Chi-square (χ2) = 1.036     P-value = 0.309 (P > 0.05, not significant) 
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Fig. 3.5 The relationship between contaminations of  water according 
to MPN standard and pH in Unity and Kassala State 
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Chi-square (χ2) = 6.428     P-value = 0.011 (P < 0.05, significant) 
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Table 3.5 The Relationship between contaminations of water according to 
MPN standard and Treatment in Unity and Kassala State 
 
 
 
MPN 
 
 
Total No. of 
Samples 
examined 
Treatment 
 
     Treated                          Not treated 
 
 
Positive 
 
Negative 
 
 
       33.33%                           55.56% 
 
        11.11%                               ― 
 
Over all total 
 
 
 
45 
 
       44.44%                           55.56% 
 
MPN 
Chi-square (χ2) = 7.031     P-value = 0.008 (P < 0.01, highly significant). 
 
 
Figure 3.6  The presence of the Treatment of the water in Unity and 
Kassala State 
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Chi-square (χ2) = 6.160     P-value = 0.013 (P < 0.05, significant) 
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Table 3.6     Enterobacteriaceae Isolates in Unity and Kassala State 
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Total 
Isolates 
 
 
Unity 
State 
 
 
 
 
8 
 
(4.51) 
 
 
11 
 
(6.21) 
 
 
14 
 
(7.90) 
 
 
29 
 
(16.38) 
 
 
15 
 
(8.47) 
 
 
11 
 
(6.21) 
 
 
16 
 
(9.03) 
 
 
21 
 
(11.86) 
 
 
22 
 
(12.42) 
 
 
 
7 
 
(3.95) 
 
 
16 
 
(9.03) 
 
 
 
7 
 
(3.95) 
 
 
177 
 
 
Kassala 
State 
 
 
― 
 
(0.00) 
 
 
2 
 
(3.03) 
 
 
 
9 
 
(13.63) 
 
 
14 
 
(21.21) 
 
 
 
7 
 
(10.60) 
 
 
3 
 
(4.54) 
 
 
6 
 
(9.09) 
 
 
12 
 
(18.18) 
 
 
7 
 
(10.60) 
 
 
 
1 
 
(1.51) 
 
 
 
3 
 
(4.54) 
 
 
2 
 
(3.03) 
 
 
66 
 
 
 
 
 
Total 
 
 
 
 
8 
 
(3.29) 
 
 
13 
 
(5.43) 
 
 
23 
 
(9.46) 
 
 
43 
 
(17.69) 
 
 
22 
 
(9.05) 
 
 
14 
 
(5.76) 
 
 
22 
 
(9.05) 
 
 
33 
 
(13.58) 
 
 
29 
 
(11.93) 
 
 
8 
 
(3.29) 
 
 
19 
 
(7.81) 
 
 
9 
 
(3.70) 
 
 
 
 
243 
 
 
 
 
(%) = Percentage of Isolates 
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Figure 3.7   Enterobacteriaceae Isolates in Unity State: 
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Figure 3.8  Enterobacteriaceae Isolates in Unity State:  
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Figure 3.9  Enterobacteriaceae Isolates in Unity& Kassala State: 
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Table 3.7 
 
Clinical morbidity Records and cases in both Bentiu and Rubkona 
first quarter 2004: 
 
 
< 5 Years 5- 15 years > 15 years Sub/Total  
Disease  
 M F M F M F M F 
G/Total 
Malaria  
 
1319 1210 826 1329 955 2646 3100 5185 8285 
A.R.I  
 
1220 1085 417 605 379 754 2016 2444 4460 
W. Diarrhea  
 
853 768 131 149 137 168 1121 1085 2206 
B. Diarrhea  
 
326 262 115 165 170 265 611 692 1303 
others* 
 
635 636 596 709 1460 3549 2691 4894 7585 
Total  
 
4353 3961 2085 2957 3101 7382 9539 14300 23.839 
 
* others: includes following Diseases, Trauma, and Infections: 
 (Eye Infection, U.T.I, Anemia, Susp. T.B, Ear Infection, Skin Infection, Scabies, 
Wound/ Injury/ Burn, Bilharzias, Arthritis, and Unclassified Cases) 
 
Source: Care International- Sudan, Rubkona and Bentiu Clinics Records for 2003, 
and 1st quarter of 2004 (January, February, March, and April) 
 
 
 
 
 
 
 
 
 
 
 
 81
 
 
 
 
Table 3.8  
Clinical morbidity Records and cases  in both Bentiu and Rubkona 
for 2003 by 
 
A- By sex category. 
1st 2nd 3rd 4th Quarter  
 
 M F M F M F M F 
Malaria 
 
2861 5233 3865 5581 3078 4882 2519 4180 
ARI 
 
2394 2981 2323 2790 1533 1837 2189 2579 
W. Diarrhea 
 
1194 1156 1556 1550 544 526 1213 1189 
B. Diarrhea 
 
546 611 660 680 265 336 457 583 
Others* 
 
9330 14282 2970 4547 5855 9203 8119 13082 
Total  
 
16325 24263 11374 15148 11275 16784 14497 21613 
 
B- In percentage. 
Quarter  1st 2nd 3rd 4th 
Disease Amount % Amount % Amount % Amount % 
Malaria 8094 19.9% 9446 35.6% 7960 28.4% 6699 18.6% 
ARI 5375 13.2% 5113 19.3% 3370 12.0% 4768 13.2% 
Diarrhea 3507 8.6% 4446 16.8% 1671 6.0% 3442 9.5% 
Others* 23612 58.2% 7517 28.3% 15058 53.7% 21201 58.7% 
Total 40588   26522   28059   36110   
 
* others: includes following Diseases, Trauma, and Infections: 
 (Eye Infection, U.T.I, Anemia, Susp. T.B, Ear Infection, Skin Infection, 
Scabies, Wound/ Injury/ Burn, Bilharzias, Arthritis, and Unclassified Cases) 
 
Source: Care International- Sudan, Rubkona and Bentiu Clinics Records for 2003. 
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Table 3.9 
Clinical Morbidity Records and cases in Mir mir for November 2003 
 
November 2003   
 Frequency Percent 
Malaria  457 38.6 
Bilharzias  169 14.3 
Diarrhoeal Diseases 105 8.9 
ARI 99 8.4 
Renal infection 77 6.5 
Musculoskeletal Dis. 62 5.2 
STI 48 4.1 
GIT 45 3.8 
Chest infection 31 2.6 
Obs & Gynae. 24 2.0 
Eye infection 19 1.6 
ENT 18 1.5 
TB 11 0.9 
Unclassified  4 0.3 
Others  16 1.4 
Total  1185 100.0 
 
Source: Petronas Carigali White Nile LTD. Community Development & 
Humanitarian Assistance Program. Mir mir Clinic monthly reports Nov. 2003. 
 
 
 
 
 
 
 
 
 
 
 83
 
Table 3.10 
Clinical Morbidity  Records and cases in Mir mir for December 2003 
 
December2003  
 Frequency Percent 
Malaria  547 38.8 
Bilharzias  229 16.3 
Diarrhoeal Diseases 129 9.2 
Renal infection 114 8.1 
Musculoskeletal Dis. 100 7.1 
ARI 71 5.0 
STI 54 3.8 
Chest infection 49 3.5 
GIT 26 1.8 
ENT 22 1.6 
Eye infection 22 1.6 
Obs & Gynae. 21 1.5 
TB 5 0.4 
Unclassified  6 0.4 
Others  13 0.9 
Total  1408 100.0 
 
Source: Petronas Carigali White Nile LTD. Community Development & 
Humanitarian Assistance Program. Mir mir Clinic monthly reports Dec. 2003. 
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Table 3.11 
Clinical Morbidity Records and cases in Adok for December 2004. 
 
 December 2004  
Frequency Percent 
Malaria  116 13.3 
MSS 113 12.9 
Renal infection 87 9.9 
Eye infection 83 9.4 
GIT 64 7.3 
DD 60 6.9 
Bilharzias  50 5.8 
TB 49 5.6 
STI 41 4.8 
ARI 38 4.3 
Unclassified  34 3.9 
Obs. & Gynae. 31 3.6 
Chest infection 30 3.4 
ENT 24 2.7 
Others  54 6.2 
Total  874 100 
 
Source: Petronas Carigali White Nile LTD. Community Development & 
Humanitarian Assistance program (CDHAP), Adok Clinic Monthly Report, March 
2004. 
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Table 3.12  Summary of the Questionnaire survey responses by people around 
sampled   Water Sources.  
(Majority of total 87 interviewee were women since they are the ones collecting water 
and do most of the water-related household chores) 
 
 
 
Question 
 
Yes 
 
n (%) 
 
No 
  
n (%) 
 
Other 
 
n (%) 
 
 
1- Special containers to bring water 
 
 
9 (10.34) 
 
 
78 (89.65) 
 
― 
 
2- Collect water from different points 
 
 
53 (60.91) 
 
3 (3.44) 
 
31 (35.63) 
 
3- Any changes in water collecting 
methods 
 
 
3 (3.44) 
 
74 (85.05) 
 
10 (11.49) 
 
4- Use water from this source for 
drinking  
 
 
85 (97.70) 
 
2 (2.29) 
 
― 
 
5- Water treatment 
 
 
4 (4.59) 
 
 
81 (93.10) 
 
2 (2.29) 
 
6- Water storing 
 
 
28 (32.18) 
 
 
59 (67.81) 
 
― 
 
7- Other habits beside water source * 
 
 
77 (88.50) 
 
 
10 (11.49) 
 
― 
 
8- Other sources for water 
 
 
0 (0.00) 
 
 
66 (75.86) 
 
21 (24.13) 
 
9- Water safety 
 
 
64 (73.56) 
 
 
2 (2.29) 
 
21 (24.13) 
 
10- Illness regarding water 
 
 
22 (25.28) 
 
 
51 (58.62) 
 
14 (16.09) 
 
11- Continuous source for water  
 
 
73 (83.90) 
 
 
14 (16.09) 
 
― 
 
n= number of interviewee                    (%)= percentage of interviewee 
*= (Washing, Fishing, Swimming… etc.) 
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Chapter Four 
Discussion 
 
 
 The main objective of the study was to evaluate water hygiene in 
some different areas of Sudan like Unity and Kassala states, the 
percentage of contaminated water samples was 88.8%  (40 contaminated 
samples out of total of 45 water sample). 
Fifteen samples out of the total 45 samples, showed high 
contamination levels above 2.400 MPN index, 13 samples were from 
Unity State in a percentage of 52% of over all total for the state’s 
samples, while 2 samples were from Kassala State in a percentage of 
10%. That may state clearly the high incidence of water-related diseases 
at both states. 
Bad habits, water mishandling and lack of basic knowledge, affects 
clearly the quality of water in study areas, thus water physical appearance 
had been clearly affected, and that could be strongly resulting in bad 
hygiene situation causing a high levels in the incidence of water-borne 
diseases. 
 By comparing the two main areas of study, it is clear that Southern 
Sudan (Unity State) people have very low access to safe drinking water. 
Twenty five contaminated samples out of total of 25 water samples have 
been taken from the area. The thing which is clearly reflected in medical 
out-patient clinics of CARE-SUDAN Organization and WHITE NILE 
OIL COMPANY Clinics in Unity State. On the other hand Eastern Sudan 
(Kassala State) showed slightly better situation compared with Unity 
State. However, lack of safe drinking water goes hand in hand with high 
numbers of disease conditions. 
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 Bacterial isolates were higher in Unity State 72.8%, while it was 
27.2% in Kassala State. Also it was observed that the 12 bacterial Genera 
which have been isolated during the study; appeared in samples from 
both States (Unity and Kassala), except the Genus Alcagenes which had 
not been isolated from Kassala State’s samples. However, the high 
presence of bacteria in Unity state’s samples clearly reflects the bad water 
hygiene throughout the state, that may be because of the absence of infra-
structure and lack of enough  health services to meet the real needs of 
relatively large population’s numbers of the state. Nevertheless the 
administrative water station in Bentiu, (the capital of Unity State) 
provides water to the town, but it is not quite enough to cover the needs, 
some times the water station is off-work due to lack of chlorine. 
 On the other hand, there is a lack of basic hygiene needed 
knowledge in most of areas in which the study took place, although there 
were water stations in some areas of study; no significant different in 
water hygiene quality in mentioned areas, that may be due to insufficient 
treating materials and lack of well-trained personnel. Fig. (4.1) shows 
water distribution in vehicle with tank, Bentiu water station. The 
interviews with people around sampling points showed obvious 
mishandling regarding containers in which most of population uses to 
bring water for drinking and house chores. Fig. (4.2)  shows some types 
of containers used to bring water. 
Many people with their animals used to attend at the same time to 
water source resulting in turbid water and undesirable bad habits around 
the source (Fig.4.3)  and (Fig.4.4), the thing which actually lead to the 
spread of a considered hazardous water-related diseases. 
 In Kassala state, the dry land in northern parts of the state affects 
the majority of people and animal populations, resulting in lack of 
drinking water and decreasing of existing water sources quality, which 
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comprises of broken pipe systems and stagnant pools. In some areas 
people used to dig the dry land at El-Gash basin seeking water for 
themselves and their animals. 
  
 In the other side; water transportation methods followed by people 
still undeveloped and primitive sometimes. Donkeys and animals 
Caravans are still widely used (Fig.4.5), whereas no sustained water 
distribution systems, no health supervision or periodic check for hygiene 
situation regarding these transportation tools or people who offer it. 
 Anyway, by having a look to questionnaire held and interviews 
carried-out with people around some water sources, it is clear that not 
only the significant lack of administrative basic public health services and 
governmental water and sanitation projects, but also there were a  
considerable absence of basic health knowledge, which could provide 
community with essential tools to avoid being susceptible for water 
related illnesses. The majority of people thinks that it is even difficult to 
get sick due to drinking water, they defend their opinion strongly and no 
one can rely upon ways of treating and disinfectants, so working through 
community it self may help in changing these absolutely false ideas so as 
to make sure of future safe drinking water  projects and rely on it’s 
sustainability. 
 By discussing the clinical data (Disease Morbidity in study areas), 
it is clear that water related diseases have an extremely high incidence 
rate among diseases in mentioned areas. Although an extensive health 
services were provided, well-planned water hygiene projects were 
established; there were no effective developing outcome. Partially 
because of lack of sustainability for pre-mentioned project and miss 
implementation in community base. 
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 Field monitoring prior to these projects taking actions will be more 
effective to know the exact needs and real situation, by participation with 
governmental and non-governmental bodies bearing in mind the great 
role of community itself, planning for new projects and schemes may 
come out with valued support for target population, accordingly the 
general public health may rise up in good presentation resulting in 
healthy environment and water-related diseases eradication. 
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Fig. 4.1 Water distribution into vehicle with tank, (Bentiu water 
station). 
 
 
 
 
Fig.4.2  Some types of containers used to bring water (Bentiu). 
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Fig.4.3 People and Animals around water source (Aris- Kassala state) 
 
 
 
 
Fig.4.4 An a Woman transporting water, (Akala- Kassala state) 
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Fig. 4.5 
Animals Caravans Transporting Water, (CARE-ORGANIZATION 
Water Station, Rubkona- Unity state) 
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Conclusions 
 
 
The overall conclusions of the study were as follows: 
1. The water hygiene situation is in lowest-levels in both states, 
(Unity and Kassala State). 
2. There are clear hazardous signs for possibility of water- related 
diseases  spreading every now and then, in mentioned states, unless 
emergency conditions relieved. 
3. Results of the study showed highly considered different numbers of 
bacterial  Genera represented in water sources. 
4. Slightly weak performance of water treatment stations and lack of 
personnel training. 
5. Inactive or inefficient  basic health services in research targeted 
areas. 
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Recommendations 
 
So as to improve drinking water hygiene the study recommends: 
1. Establishing a well-planned water and sanitation projects in Unity 
and Kassala State. 
2. Maintain the current existing water stations, and provide it with 
needed water treatment tools and materials. Training for stations 
personnel is needed. 
3. Equipping the local hospital and clinics with needed facilities to 
offer acquired health services. 
4. Creating a good communication channels with the rural 
communities to help themselves to avoid the spread of water- 
borne diseases. 
5. Further more researches and studies regarding water hygiene 
should be done to generate a complete records helping in public 
health future projects. 
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